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The publication of this manuscript was made possible through 


payment of printing costs by grants-in-aid from the Life Insurance 


Medical Research Fund, The American Heart Association and the 
New York Heart Association. 
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THE NATURE AND SCOPE OF THE PROBLEM 


Shortly after the publication in 1941 of his 
study of the “crush kidney,” the late John Shaw 
Dunn sent tissue showing the peculiar tubular 
lesion that characterizes this condition to the sen- 
ior author for microdissection. Somewhat later 
similar material was received from Dr. J. Edgar 
Morison of Belfast and this was followed by the 
gift of a considerable collection of examples of that 
larger group of renal lesions which was later to 
become known as “lower nephron nephrosis” from 
Dr. Baldwin Lucké. 

Since that time a continuing study of these per- 
plexing forms of renal damage has been in pro- 
gress in this laboratory as confreres too numerous 
to thank here in person have sent kidneys both 
trom their clinical cases and experimental in- 
Among the latter was a series of 
dog kidneys from Drs. Donald Van Slyke, R. A. 
Phillips and their co-workers in which the func- 
tional lesion of the “kidney of shock” had been re- 
produced and studied in great detail by clearance 
methods. 


vestigations. 


The result of these ten years of work in an ever- 
widening area of investigation had been chiefly the 
accumulation of a bewildering cloud of apparently 
unrelated minutiae in which little evidence of a 
pattern of unity of pathogenesis or functional cor- 
relation could be discerned. As is not infrequent 
in such situations, through no virtue of the present 
investigators other than that they persisted in 
their task of accumulating curiously damaged 
nephrons while awaiting illumination, the cloud 
was quite suddenly dissipated by the appearance 
of two related studies in renal pathology. 


1 This work was supported by grants-in-aid from the 
Life Insurance Medical Research Fund, The American 
Heart Association, and the New York Heart Association. 
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The first of these came to us through the priv- 
ilege of a study of Dr. Homer Smith’s manuscript 
of Chapter XXIV (Acute Renal Failure Related 
to Toxic and Traumatic Injuries) from his mono- 
graph, The Kidney (1). This extended and 
profound analysis of the functional disturbances in 
the group we had been studying from the struc- 
tural viewpoint allowed us by a sort of inductive 
reversal of the causal line to proceed back from 
functional “effects” to a confirmation of what we 
had hitherto dimly glimpsed as hypothetical struc- 
tural “cause,” namely a disturbance in renal blood 
flow. The successful conclusion of the present 
work may therefore be looked upon as derivative 
of his effort. 

The suspicions of the morphologists in regard 
to the part that renal ischemia plays in the patho- 
genesis of the renal lesion, even when reinforced 
by the considerable support of the functionalist, 
might well have remained, as conclusions drawn 
from the static data of structural appearances so 
often do, in the realm of reasonable hypothesis, 
except for the discovery by Schlegel (2) of a 
method for visualizing the pattern of the renal 
circulation by the intravenous injection of a fluor- 
escent dye into the living animal. As will be seen 
in our later consideration of the problem, this pro- 
cedure made possible certain crucial experiments 
in which the pattern of the renal circulation could 
be correlated with various sorts of tubular damage 
and so confirmed the essential unity of our patho- 
genetic theory. 

Our investigation began therefore with an ex- 
amination of the structural status of the “crush 
kidney” and examples of “lower nephron nephro- 
sis” and extended to cover all “Acute Renal Fail- 
ure Related to Toxic and Traumatic Injuries.” 
Our exposition will follow a similar course, not 
only from a desire to show the chronological pat- 
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tern of our investigation but because, as will be- 
come apparent, the “crush kidney” furnished the 
key to the solution of the pathogenetic puzzle of 
the broader group. 

No detailed review of the lengthy literature 
which concerns that form of renal damage which 
not infrequently follows the syndrome of shock 
need be restated, for the summaries, from the 
pathological side by Lucké (3) and Mallory (4) ; 
on its functional and experimental aspects by Van 
Slyke (5) and by Corcoran and Page (6); and 
more recently, on its clinical features by Burch 
and Ray (7), leave little to add. It is clear from 
these resumés that a most important syndrome 
characterized by grave renal damage and failure 
has been established, yet in a detailed study of 
them, difficulties of interpretation and correlation 
hecome so apparent as to leave the subject in the 
minds of most who are practically concerned with 
it, either as pathologist or clinician, in consider- 
able confusion. 

To set the problem clearly for our consideration 
it might be useful to summarize some of the diffi- 
culties which concern the pathogenesis of the renal 
lesions of this group and the correlation of its 
clinical and functional aspects with current de- 
scriptions of the structural changes that occur in 
the kidney. 

As important in the pathogenesis of the tubular 
lesions the following factors are usually men- 
tioned; (7) the presence of blood or muscle pig- 
ments in the tubules, (2) 
of unknown 


the hypothetical action 
from 
crushed tissues, and (3) the effects of local renal 
ischemia which is a reaction to the general cir- 
culatory disturbance of shock. To 


“toxic products” derived 


account for 
the functional disturbances, oliguria, anuria, and 
uremia, attention is usually called to (7) various 
sorts of structural, or assumed “functional,” dam- 
age in the tubule walls, that might be reasonably 
supposed to allow back diffusion, (2) the presence 
of casts which might interfere with the flow of 
fluid through the tubules, and (3) the renal 
ischemia which might directly be the cause of de- 
creased filtration. 

To correlate with and to serve as an explana- 
tion of these pathogenetic and functional prob- 
lems stands the current description of the patho- 
logical lesion in the kidney. 
Lucké (3), is based on the original description by 


This, as detailed by 
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Dunn, Gillespie, and Niven (8) of a_ peculiar 
Lucké holds that this 
lesion is “unique and regularly attended by char- 
acteristic functional and that the 
“location of the lesions is so characteristic and 


lesion in the distal tubule. 
disturbances” 


unique that the term ‘lower nephron nephrosis’ 
seems more descriptive (than) ‘haemoglobi- 
nuric nephrosis’ ” (|3], p. 371). There are 


tively slight or no structural changes in the upper 


“rela- 
parts of the nephrons renal corpuscles, prox- 
imal and intermediate segments. It is clear that 
the damage in this disease” (our italics) “is es- 
sentially confined to a particular component of the 
nephron. The identification of the several com- 
ponents is not difficult ;” . . . “Proximal segment. 
The appearance of the lining cells of the proximal 
segment is often quite normal” . they may 
“exhibit cloudy swelling. Occasional fatty de- 
posits are disclosed ... frank degeneration or 
actual necrosis is very rare. /ntermediate seq- 
ment. Definite changes can seldom be found in 
the intermediate segment ; there is neither obvious 
cellular injury nor precipitation of haem com- 
pounds. Lower segment. It is widely agreed the 
(p. 386) 


and a description of the tubular lesions of Dunn, 


lower segment is damaged selectively” 


Gillespie and Niven follows.” 

If one returns from this description of the 
structural status of the damaged kidney to ques- 
tions of pathogenesis and functional correlation 
difficulties become apparent. The first of these 
is: what, even in the realm of hypothesis, could be 
considered a likely cause of such a unique and 
selective damage to a limited portion of a ne- 
phron? Certainly not renal ischemia which from 
our knowledge of the inter-tubular circulation 
would of necessity involve any or all parts of 
Renal 
act on the tubule epithelium because of its func- 


nephrons indiscriminately. toxic agents 
tional characteristics; mercury for example is 
absorbed, or on the remote chance secreted, by the 


cells of the proximal convolution and so they suf- 


2 One finds in the literature some variation in opinion 
as to the localization of tubular damage; some investi- 
gators mention 
others deny them. 
arise from the use of a method of observation, the histo- 


changes in the proximal convolution, 


It would seem that these discrepancies 


logical section, which is inadequate for the determination 
of the desired information, and since a method is at hand 
which can objectively settle the matter, they therefore 
need not be critically discussed. 
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fer. There is no evidence with which we are 
familiar that suggests the existence of analogous 
functional mechanisms which could produce a 
specifically localized damage in ascending limbs 
and distal convolutions. 

If heme pigments are responsible for the ex- 
treme damage to tubule walls, why are these sub- 
stances found so innocuous in experimental pro- 
cedures? Moreover, it is an established fact that 
these pigments are specifically absorbed by the 
proximal convolution (9) and yet this segment of 
the tubule is described as uninjured. 

Can the damage in the distal convolution be due 
to the mechanical effects of the blockage by pig- 
ment casts or crystals? This is a factor that at 
least shows the desired specificity of location in the 
“lower nephron,” for it is here that deposits and 
casts occur, but their presence in many other renal 
conditions in which no such localization of tubule 
damage is found makes it difficult to believe that 
they can be a significant factor in the production of 
the “specific” tubular disruption found in the kid- 
ney of shock. 

Correlation of the clinical and functional dis- 
turbances of the syndrome with the uniquely char- 
acteristic lesion described for “lower nephron 
nephrosis” suffers similar difficulties of compre- 
hension. Presumably tubule fluid might diffuse 
or leak from any part of the renal tubular system 
from glomerulus to the ducts of Bellini, but the 
proximal tubule has been shown to be responsible 
for 80 per cent of water absorption (10) and one 
wonders if it may not be involved in a syndrome 
which is characterized by oliguria or anuria. It 
might also be expected that an uniquely localized 
lesion would produce a recognizably characteristic 
functional disturbance. It is of interest in this 
regard that such a functional syndrome has been 
described (11) and even designated as “pure” 
lower nephron nephrosis, but this renal disturb- 
ance bears no relation to what occurs in the kid- 
of shock. 
ischemia, for which strong clinical evidence exists, 


ney The aetiological factor, renal 
though it might explain at least the early oliguria 
could not, as we have said, on any known ana- 
tomical basis account for a lesion limited to the 
“lower nephron.” In fact it is regularly reported 
that experimental renal ischemia damages par- 
ticularly the proximal convolution. 
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All the critical reviews of these matters em- 
phasize these confusing complications and contra- 
dictions and end with an expression of the hope 
that more investigation, particularly along ex- 
perimental lines, may lead to clarification. The 
assumption is apparently made, therefore, that the 
problem has been correctly stated in its structural 
and functional aspects and that only elaboration of 
detail is needed for elucidation. But before more 
time is spent in the search for hypothetical toxic 
materials acting on a functionally obscure portion 
of the nephron by mechanisms as yet unknown it 
might be well to examine again more closely the 
relevancy of the fundamental question, for in the 
manner of its asking may well lie the source of 
our difficulties: can the status of the abnormal 
kidney in this syndrome be properly considered a 
renal disease that is characterized by an unique and 
specifically localized lesion in the nephron, which 
may be accurately described as “lower nephron 
nephrosis”’ ? 

In such situations a change in point of view is 
often helpful and that is the purpose of the present 
report. It details the results of the application 
of methods, designed to allow an inspection of the 
damaged nephrons in their entirety and con- 
tinuity, to the study of the structural lesions in the 
kidney. It is obvious that such observations will 
be especially pertinent in a problem where specific 
localization of lesions is suspected. 


METHODS 


Though the mounting and staining of dissected neph- 
rons has been a routine technique in this laboratory for 
many years, no publication, except for a general descrip- 
tion of its use (12), has given the detail of the procedure. 

Small blocks, 0.5 to 1.0 em. in thickness, of formalin 
fixed kidney are macerated in concentrated HC1 at room 
temperature until they are quite soft. Depending on the 
amount of fibrous tissue in the specimen this will require 
from 12 to 24 hours. The macerated tissue is repeatedly 
washed by decanting in tap water to remove the acid and 
the nephrons are dissected while floating in water in a 
Stender dish under a binocular microscope. Individual 
nephrons are disentangled with needles, drawn up and 
arranged on a slide in the same manner as is employed 
with frozen stctions and the excess water removed from 
around the specimen by blotting. A streak of 
is placed near each edge of the slide and a cover glass 
lowered upon it to form a cell which is open at each 


vaseline 


end; staining reagents may then be introduced by capil- 
larity. 
We have found the most generally useful stain to be 
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iron-haemotoxylin. Ten per cent Fe,Cl, is drawn 
through the cell with filter paper and allowed to stand 
for three to five minutes. It is then replaced by a 1 per 
cent aqueous solution of haemotoxylin for five to ten 


minutes. The densely black nephron is then differenti- 


ated under the microscope with a weak solution of Fe,C1... 
The degree of decoloration may be varied to suit the 


purpose of the staining and final repeated flushing with 


tap watc. completes the procedure. Microscopic examin- 
ation of the uncleared nephron is made in water as we 
have found that any attempt to clear or mount the speci- 
mens in the usual media shrinks and distorts them. In a 
similar manner other stains may be used: fat is well 
shown by Quenzel’s cadmium-Sudan III mixture and 
aqueous toluidine blue is useful for metachromatic ma- 
terials. Histochemical methods 
reactions for Fe may also be done on the intact nephron. 


such as the common 

As the specimens are mounted in water the stain is not 
stable but fades in a few days. A special method of 
microphotography has therefore been devised to record 
permanently our observations. As a magnification of 
from 100 to 200 times is necessary to show cellular detail 
and the tubule or nephron to be photographed may be 
from 1.0 to 1.5 cm. in length, serial overlapping exposures 
on 314 X 444 Wratten M plates are made as the specimen 
is moved across the microscopic field. ; Due to irregulari- 
ties in focus and lack of optical flatness of field only the 
central third of each print is used in preparing the mon- 
tage which shows the continuous structure. The overlap 
is therefore sufficient to allow adjoining prints to be cut 
on the bias and the direction and course of the tubule in 
its final mounted form can thus be directed to fit the 
form of a conventional illustrative plate with no loss of 
continuity. 23 inches 
but appear as reproduced for publication in a reduced 
magnification of 40 to 80 Considerable sacrifice of 
the finer detail has occurred in this economically necessary 


The original plates measure 18 » 


procedure. 

A nephron well stained with iron haemotoxylin from 
tissue immediately fixed in 10 per cent formalin shows a 
remarkable amount of cellular detail in spite of the pre- 
liminary treatment with concentrated HC1 and the fact 
that it must be examined in a relatively thick (40 to 60 #) 
uncleared tubule. The appearance of the various por- 
tions of the normal nephron are shown in Plates 1 and 2. 
In summary, the nuclei appear as unstained vesicles due 
apparently to the extraction of their nucleic acid. It is in- 
teresting that the hyperchromatic nuclei of regenerating 
cells often stain heavily and show considerable detail of 
their chromatic structures, both chromosomes and nu- 
cleoli (Plates 16 and 25). Whether this contrast in the 
effeet of extraction by HC1 is due to quantitative or 
qualitative differences might be worthy of investigation. 

The most characteristic cytoplasmic elements of the 
renal cell, the mitochondrial rodlets, persist though their 
form is changed from the long, filamentous structures 
that are seen in well-fixed histological sections to short, 
elongated granules which still maintain their original 


linear orientation. As it is necessary to examine them 
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through the entire thickness of the tubule, their detail is 
somewhat confused but since mitochondrial elements are 
usually considered to be especially susceptible to the 
action of acetic acid, it is surprising to see how well they 
are preserved after the treatment with concentrated HC1 
(Plates 2 and 28). Other cytoplasmic structures, such 
as the brush border are clearly shown (Plate 2C) and the 
basement membrane of the tubule stands out as a sharply 
defined, homogeneous, thin band that outlines the lateral 
aspects of the tubule (Plate 2A). 

The examination of 
autopsies suffers the same but no more difficulties in 
cytological examination and interpretation than are en- 
countered in preparations of this material by the tech- 
nique of the histological section. With both methods, the 
mitochondrial pattern suffers from the unavoidable delay 
in fixation of the tissues. It has been found by experi- 
ment that 15 minutes at room temperature is sufficient 
to alter considerably the cytological detail, so that the 
most common appearance noted in the renal epithelium of 
normal dissected nephrons of human origin is that of a 
darkly stained cytoplasm filled with irregularly distrib- 
uted fine “granules,” and, as in histological sections, the 
brush border may be obscure. As will appear in our de- 
scriptions of the damaged nephrons, various cellular ab- 
normalities, cloudy swelling, hyaline droplets, fat ac- 
cumulation, vacuolar hydropic degeneration, pigment 
deposit, regeneration with the production of an atypical 
epithelium, cast formation, and all the other phenomena 
of renal tubule alteration and damage are seen in an 
analogous but very different aspect from what is apparent 
in the conventional pattern of the histological section. 
It is perhaps unnecessary to add that the latter method 
was used in all cases to supplement our study of the dis- 


nephrons from routine human 


sected nephrons. 
MATERIAL 


The material of this study is of three sorts; first, hu- 
man kidneys from a large variety of examples of renal 
damage associated with the syndrome of “shock” and 
other forms of acute renal failure (Table 1); secondly, 


TABLE I 
Clinical aetiology of 54 fatal cases of Acute Renal Failure 


Crushing injury (bombing) 

Burns 

Transfusion accidents 

Malarial blackwater fever 

Obstetrical complications 
(Eclampsia, hemmorhage, placental separation) 

Surgical shock 
(Perforated gastric ulcer) 

Cold paroxysmal hemoglobinuria 

Poisoning 
Sulfonamides 
Mercuric chloride 
Di-ethylene glycol 
Carbon tetrachloride 
Potassium chlorate 
Mushroom poisoning 
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dog kidneys from a series of experiments in which the 
pathogenetic factors and functional disturbances following 
induced shock had been examined; and thirdly, rabbit 
kidneys from experiments designed to show the aetiolo- 
gical relations of the various factors involved in renal 
damage due to toxic injury. We shall present first the 
essential lesions that were found in the human kidneys 
and then endeavor to show how these lesions may be in- 
terpreted in the light of what was found under analogous 
experimental conditions. 


THE STRUCTURAL CHARACTERISTICS OF THE LESION 
IN THE HUMAN KIDNEY IN ACUTE RENAL 
FAILURE ASSOCIATED WITH TRAUMATIC 
AND TOXIC INJURIES 

Since the general nature of the clinical and 
pathological syndrome has been thoroughly ex- 
amined and described by many investigators and 
these studies well summarized by Lucké (3) and 
others we have omitted much of our detailed case 
record description, both clinical and pathological, 
except where it was pertinent to some particular 
point in our exposition. This seemed permissible 
for little new has been added by our investigation 
to previous descriptions of the generality of the 
pathological status of the abnormal kidneys; a 
considerable addition results, however, from the 
different aspect of the lesions and from the in- 
tegration of them into the general picture of renal 
damage that is made possible by their observation 
in the continuity of the complete nephrons. 

There are two questions regarding the struc- 
tural lesion with which we shall be especially con- 
cerned and both will be of crucial importance in the 
final interpretation of its pathogenetic and func- 
tional significance; first, the nature of the tubular 
lesions, and secondly, the distribution of these 
lesions not only in the. individual nephron but 
among the nephrons generally. Subsidiary to 
these two problems are such matters as the nature 
and degree of tubular occlusion, the occurrence of 
interstitial tissue reaction, the presence and effect 
of deposits of pigment, and the reparative changes 
that may occur in the damaged nephrons. 


The essential tubular leston—tubular 
disruption or tubulorhe.xis 


As in all examples of renal disease, a consider- 
able variety of “tubular lesions” is present in the 
kidney when acute renal failure occurs as a re- 
sult of traumatic or toxic injury. On this back- 
ground of non-specific renal damage is found, 


however, a lesion peculiar to and therefore char- 
acteristic of the group, namely a localized destruc- 
tion of the entire tubule wall. This lesion was 
first described in histological sections by Dunn 
and his co-workers in the crush kidney and its 
occurrence in other related conditions has been 
noted with emphasis in varying degree by all 
subsequent investigators. 

The lesion is clearly shown in all the varied 
manifestations of its development in preparations 
of complete nephrons; as one follows the course 
of the intact tubule, quite suddenly a place is 
found where the basement membrane is broken, 
frayed or disintegrated and the epithelial lining 
disrupted and necrotic. The result is a solution 
of continuity which may include only a part of 
the wall of the tubule or which completely inter- 
rupts its course so that the fragmented remnants 
lie between a still intact and well preserved proxi- 
mal portion and its distal prolongation (Plates 3- 
27). The lumen thus lies open to the intertubular 
interstitial tissue and its capillaries and veins 
(Plates 5 and 10). 

The lumen of tubules so affected may or may 
not contain solid material in the form of debris 
The fre- 
quency of association of rupture and cast is ap- 


or of a consolidated, well-formed cast. 


parently determined by the situation of the lesion: 
if the former occurs in the ascending limb of 
Henle’s loop or in the distal convolution where 
casts are frequent, the two are not uncommonly 
found together (Plate 5). That this association 
can, however, be little else than fortuitous is em- 
phasized by the fact that large and extensive casts, 
many containing blood pigments, are frequently 
found in the distal convolution with no lesion in 
the tubule wall (Plates 7, 15, 17 and 19). 

A great variation in the appearance of the dis- 
rupted tubule results not only from the extent of 
the damage and the presence or absence of solid 
material in its lumen but also from the reaction 
that may occur in both the tubule wall itself and 
in the mesenchymal tissue in the neighborhood of 
the rupture. 

In certain instances a simple solution of contin- 
uity describes the lesion, as the tubule wall ap- 
pears dispersed into fragmented debris and necro- 
tic desquamated epithelial cells that are loosely 
held together by the thin, disintegrating basement 
membrane which still maintains in some degree 
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the original contours of the tubule (Plates 6, 8, 14 
and 23). There is little or no reaction in the 
peritubular tissue. In other examples, the inter- 
stitial reaction about the ruptured segment is ex- 
treme so that in the dissected specimen tufted 
masses of connective tissue fibers surround the 
damaged tubule and are so firmly attached to it 
that they cannot be removed with the dissecting 


(Plates 4, 9, 11 


rounding reaction is seen as definite “granulation 


needles and 26). Or the sur- 
tissue” with a proliferation of capillaries among 
the mesenchymal elements that not only surround 
the ruptured tubule but grow into its disrupted 
lumen (Plates 5,10 and 25). | 

The reaction of the epithelial cells to damage 
of the tubule wall will be considered in detail in a 
later description of the reparative processes that 
As a rule the epithelial 
cells are remarkably well preserved up to the very 


occur in the nephrons. 


edge of the tubular disruption and by their large. 
size and irregular shape show definite evidence of 
proliferation. At times an actual-extension by 
growth of a thin, flattened epithelial margin may 
be observed accompanied by irregular clusters of 
atypical, hyperchromatic nuclei (Plates 16, 17, 19, 
21, 24 and 25). of the 


peculiar character of the lesion, the basement 


However, as a result 


membrane being no longer present to support the 
proliferating epithelium, restitution of the dam- 
aged tubule wall seldom results. 

An examination of the illustrations of this un- 
usual tubular lesion will show better than many 
words the variations that are built up of combina- 
tions of the elements we have described. No 
typical combination has been found in any par- 
ticular clinical variety of the syndrome, though in 
any one case they may tend to resemble each 
other, 


The localization of the lesion of tubulorhexis 


xcept for its three-dimensional aspect, our 
description so far of this characteristic tubular 
lesion does not differ essentially from that of pre- 
vious studies based on its appearance in histolo- 
gical sections. When the second of its supposed 
characteristics is considered, i.e., its specific lo- 
calization in the “lower nephron,” a departure 
from current concept becomes apparent as the 
direct result of its examination in the continuity 
of complete nephrons. 
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In all of the kidneys which we have examined 
from every clinical variety of the syndrome the 
disruptive lesion has been found in every portion 
of the nephron from the origin of the proximal 
convolution at the glomerulus (Plate 13) to the 
connecting tubule where it joins the collecting 
ducts (Plate 4). 
of kidney have we observed any especial distribu- 


In no particular clinical variety 


tion and even in a single kidney there is great 
variability in its location in the involved nephrons. 
Moreover, even in severely damaged kidneys, not 
all nephrons are affected and in the moderate ex- 
Randomness of 
distribution, both in the nephron and among 
nephrons, is therefore another characteristic of 


ample, only oceasional ones. 


the disruptive lesion. 

Although the disruptive lesion is found in all 
segments of the nephron there are two locations 
where it is most obvious. ‘The first of these is 
the terminal portion of the proximal convolution 
where it dips into the medulla (Plates 3, 6, 14 and 
18) and the second is the distal convolution and 
connecting tubule (Plates 4, 5,7 and 10). Actual 
disruption and fragmentation of the tubule is 
somewhat less evident in the periglomerular por- 
tion of the proximal convolution although it may 
be found here and often is easily identified in the 
dissected specimens by means of ihe peritubular 
adhesions which surround it (Plates 9 and 26). 
Short stretches of damaged proximal tubule al- 
ternating with well preserved tubule are common 
enough, however, and produce a patchy irregu-° 
larity in the appearance of the stained specimen 
that is in striking contrast to the evenly stained 
pattern of the normal convolution (Plate 3). 

In the terminal portion of the proximal con- 
volution the tubular damage is seen in its maxi- 
mum development: the disintegrating basement 
membrane exists only in thin, barely perceptible 
outline and the epithelium is necrotic and desqua- 
mated. Long stretches of tubule may thus be 
denuded of their epithelial lining and as a result 
are reduced to a third of their original diameter 
(Plates 3, 6 and 14). 
the typical appearance of proximal convolutions 
but resemble damaged limbs, either descending 
or ascending, of Henle’s loop. In such instances, 


They thus no longer have 


even in the continuity of the dissected nephron, 


the point of transition to the thin limb of Henle’s 


loop with which they are continuous can be de- 
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termined only by the fact that proximal convolu- 
tions have a relatively constant length in each 
These terminal portions of the proximal 
convolution, it will be remembered, lie in the outer 
stripe of the outer zone of the medulla interspersed 
among ascending and descending limbs of Henle’s 


species. 


loop, a topographical configuration which makes 
any identification of one from the other in histolo- 
gical section quite impossible (Plates 3 and 7). 

Although debris and loose conglomerations of 
desquamated cells may be found in the damaged 
proximal convolutions, one rarely finds consoli- 
dated “casts” as the term is applied to the coagu- 
lative plugs that are common in ascending limbs, 
distal convolutions and collecting tubules of all 
forms of kidney disease (13). 

As might be expected from the differing mor- 
phological and functional characteristics of the 
distal convolution and connecting tubule, tubular 
disruption in these regions produces lesions of a 
somewhat different appearance from those seen 
The damage may 
involve a short segment or a considerable portion 
of the affected tubule. Around the point of dis- 
ruption peritubular adhesions and ingrowths of 
reactive granulation tissue are frequent and ex- 
tensive (Plates 5 and 10). A well-formed 
coagulative cast may or may not be present at the 
site of rupture; however, since cast formation is 
frequent in this region of the nephron, many but 
not all damaged distal convolutions contain such 
a coagulum (Plate 25). Not infrequently, how- 
ever, it is found to lie above or below and not 
contiguous to the point of tubular rupture ( Plates 
4 and 19). 

The disruptive lesion is frequent in both limbs 
of Henle’s loop and may consist of a repetition of 
short damaged segments or of long stretches that 
include the greater part of the limb. 

To summarize, the distribution of the disruptive 
lesion in a single nephron is entirely random: 
there may be severe damage in the proximal con- 


in the proximal convolution. 


volution and none in the remainder of the neph- 
ron, though in such cases the ascending limb and 
distal convolution are certain much 
debris and probably casts. In another nephron 
from the same kidney the distal convolution may 
show extensive disruption, either with or without 
cast formation, and the other segments be normal. 
In another, only the ascending limb of Henle’s 


to contain 
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loop is involved, either in its entirety or in seg- 
mental fashion with stretches of well preserved 
tubule intervening. Nor are all the nephrons af- 
fected, for even in severely damaged kidneys a 
considerable number contain only casts in the as- 
cending limb or distal convolution and the tubule 
wall is intact throughout. 


The disruptive lesion is clearly quite different 
from the damage that results from the action of 
toxic agents on renal epithelium and which is 
commonly considered characteristic of a “nephro- 
the the 
epithelial cells undergo regressive change, die, 


isis: in toxic tubular lesion renal 
desquamate and disintegrate to debris that may be 
seen filling the space outlined by the basement 
This 
change but remains intact and on its supporting 


membrane. structure suffers no visible 
surface regenerating epithelial cells may ulti- 


mately reconstitute the tubule. These tubular 
lesions, as will be seen in our next subdivision, are 
commonly found in certain examples of acute 
renal failure. Plate 16A and B' show the contrast 
between disruptive and toxic lesion. 

Two sorts of tubular lesion, strikingly different 
in the nature of the damage that results to the 
tubule both in regard to structural alteration, loca- 
tion in the nephron and the degree of later re- 
generative repair that is possible, must therefore 
be recognized. For these reasons it would seem 
that they should be distinguished by appropriate 
terms: nephrotoxic tubular damage describes the 
one and some such term as tubulorhexis seems ap- 


propriate for the disituptive lesion. 


Nephrotoxic tubular damage 


If the clinical origin of many of the examples of 
“lower nephron nephrosis”’ is considered, it would 
seem certain that toxic damage to the kidney must 
be a factor in the development of whatever renal 
lesion may be present. Such, for example, are 
the 20 cases of poisoning in Lucké’s summary 
which includes such toxic agents as mushrooms, 
denatured alcohol, arsenicals, carbon tetrachloride, 
and phenol. 

As we have mentioned in our discussion of the 
difficulties involved in the concept of “lower neph- 


ron nephrosis,” the presence of these cases in the 
syndrome, as its structural status has been de- 
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scribed, is a source of considerable perplexity, for 
all past experimental study of toxic substances in- 
dicates that they damage not distal but proximal 
convolutions (14). Our findings to this point 
might seem on first thought to have at least cleared 
this difficulty for we have found that the proxi- 
mal convolution is as badly damaged in some 
fashion or other as is the distal in even the classi- 
cal example of the “crush kidney.” 

And so it might be thought that at this point in 
our exposition a major stroke of simplification 
would be possible: under the general heading of 
Acute Renal Failure we have only to put the cases 
of renal poisoning in one group and the kidneys of 
“pure” shock in another. The first could be the 
plain or garden variety of “nephrosis,” its lesion 
being that of nephrotoxic damage and the latter, 
if not “lower nephron,” at least some other special 
brand characterized by the presence of tubulo- 
rhextic lesions. 

But any such procedure would be to cut, not 


unravel the pathogenetic tangle for as our dis- 
sections will show we are faced with the fact that 
the examples of renal poisoning have both sorts of 


tubule lesion, tubulorhextic and nephrotoxic. 
Lucké was therefore well justified in recognizing 
common qualities in kidneys from crush injury 
and carbon tetrachloride poisoning. Moreover 
the clinical and functional evidences, which we 
shall consider later, strongly suggest, or one might 
say demand, a certain degree of unity in the over- 
all group of Acute Renal Failure. 

The contrast between the structural changes of 
tubular damage due to a nephrotoxic agent and 
those of the tubulorhextic lesion, therefore, still 
remains as a complication to pathogenetic theory. 
Its solution requires experimental examination 
and will therefore be delayed for later considera- 
tion. At this time we shall describe typical ex- 
amples of human kidneys that showed in signi- 
ficant degree nephrotoxic tubular lesions as well 
as the disruptive tubulorhextic damage. 

Again to contrast briefly the two types of tubu- 
lar damage, the most distinctive difference is found 
in the lack of the element of disruption of the 
tubule wall in nephrotoxic damage: the epithelial 
cells are dead and may ultimately be reduced to 
granular debris that packs, sausage-like, an intact 
basement membrane (Plate 16A). The location 
of the toxic lesions also shows a striking difference 
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from what is observed of tubulorhextic disruption : 
the former occur only in the proximal convolu- 
tions and, moreover, are evenly distributed among 
all the nephrons. 

Our material consisted of 21 human kidneys 
from instances of definite clinical poisoning. These 
were supplemented by the kidneys of 29 experi- 
mental animals, dogs and rabbits, which were used 
in our study of the relation of renal ischemia to 
toxic renal injury which will be described later. 
In detail, the examples of human kidneys dissected 
were as follows: 

Mercuric chloride 
Potassium chlorate 
Di-ethylene glycol 
Mushroom 

Carbon tetrachloride 
Sulfonamides 


he 


It might be objected that kidneys damaged by 
mercuric chloride should not be included in our 
list, for although the other forms of renal poisoning 
that we have given are accepted as proper ex- 
amples of lower nephron nephrosis, it is generally 
admitted by those who have supported this con- 
cept that corrosive sublimate is the classical ex- 
ample of a toxic agent which damages the “upper” 
nephron, or, in more accurate terms, the proximal 
As we have stated, this fact has 
From 


convolution. 
been experimentally established (14, 15). 
what we have seen in our examination of the 
“crush kidney,” the example par excellence of the 
“lower” nephron nephroses, the acceptance of the 
“unique” characteristic that presumably estab- 
lishes this latter syndrome is subject to consid- 
erable reservation, for the tubulorhextic lesions 
were found as frequently in the proximal as in the 
distal portions of the nephrons. We shall now 
see that the lesion in the “sublimate kidney” is 
also less simple than the classical description indi- 


cates when it is viewed in the continuity of dis- 
sected nephrons from fatal cases of human poison- 
ing. To the resolution of this added complication 
we shall return at a later time; at present we shall 
describe without theoretical comment what was 
found in the kidneys of those who had died of 
the acute renal failure associated with toxic in- 
jury. 

A 44 year old woman took six mercuric bichloride 


tablets (3.0 gm.) and entered the hospital with nausea 
and abdominal cramps three hours later. Her blood 
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pressure was 86/60. Five hours after the ingestion of the 
poison, BAL treatment was begun and she was given 2 cc. 
every four hours for six days, and then 1 cc. every 12 
hours for five days. During the first 42 hours the pa- 
tient had diarrhea, vomited and suffered abdominal 
cramps. Fifty cc. of urine were passed in the first 24 
hours, then none for five days. The urinary output rose 
slowly for six days to 935 cc. and then fell to an average 
of 120 cc. until death. The NPN on the second day was 
53 mg. per cent rising to 450 on the 28th day. On the 
29th day she died. Clearances of inulin, creatinine and 
PAH were infinitesimal on six occasions. 

Histological sections showed extreme tubular 
damage concerning the location of which we need 
not speculate until our dissections, which ac- 
curately determine the seat and nature of the 
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lesions, are described. A most striking histologi- 
cal feature was the interstitial edema and infiltra- 
tion with monocytes and leucocytes which had 
occurred throughout the cortex and outer medulla. 
This reaction was especially intense and at times 
could be seen to originate around disrupted cross 
sections of tubules which had the general location 
of the distal convolution. Extensive regeneration 
as evidenced by atypical epithelial cells either 
lining the tubule wall or forming irregular masses 
that impinged on the tubular lumen could be seen 
in the sections (Figure 1). 

In the dissected nephrons extensive tubular 
damage of the nephrotoxic type was present in 


Fic. 1. Supiimate PotsontnG—SECTION THROUGH TERMINAL SEGMENTS OF DAMAGED PROXIMAL 
CONVOLUTIONS 


The normal diameter of these segments is represented by the two lower tubules, the epithelium of which is 
largely necrotic. Above is a section through a greatly swollen tubule apparently similar to the disruptive 
lesion shown in Plate 16B*. Note the heaped up irregular mass of proliferating epithelium and at the ar- 
row, the disruption of the basement membrane. Below to the right the inflammatory infiltration in the in- 


terstitial tissue is apparent. Magnification 250 x. 
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the proximal convolutions: scattered along the 


course of these damaged convolutions were 
stretches of disruptive tubulorhexis in which the 
tubule was greatly swollen, its basement mem- 
brane destroyed and the lumen open to the ex- 
terior. Plate 16 the 


terminal portion of a proximal convolution; to the 


shows such a lesion in 


upper left and horizontally, the necrotic but. still 


intact tubule can be seen, then follows, on the ex- 
treme right, a stretch of disrupted tubule and the 
convolution ends in the narrowing descending 
The 
dissection of such nephrons was exceedingly diffi- 
cult since their continuity had been practically de- 


limb, again intact as a tubule but necrotic. 


stroyed by the disruptive lesions. In these lesions, 
masses of proliferating cells could be seen with 
well stained prominent nuclei. As we shall at a 
later point return to the reparative processes that 
occur in damaged kidneys they are only noted 
here in passing. 

Plate 17 shows a collecting tubule (left) and 
two attached distal convolutions. In the greater 
part of all, the lumen is filled with a solid cast 
which stains a deep black with the iron haemotoxy- 
lin. In sections, similar casts stained with eosine 
and gave no reaction for heme pigments or iron; 
they are therefore simple hyaline or granular 
casts composed of coagulated protein and cellular 
debris. The detail in the lowermost of the distal 
convolutions is largely obscured by this cast for- 
mation. The first portion of the uppermost distal 
convolution has been almost completely relined 
by a thin layer of atypical epithelial cells; at cer- 
tain points the disruptions are not completely 
closed. 
of tubular restitution is seen in the irregular stric- 
tures and dilatations of what was originally a 


Further evidence of the incompleteness 


smoothly contoured tubule. 

Our five other examples of fatal poisoning with 
mercuric chloride added little else to the picture of 
renal damage by this agent. The survival periods 
were four, eight, 11 and 14 days and one unknown, 
so that there were individual differences especially 
in regard to regeneration in the various cases. 
Of the six, four showed interstitial edema and 
leucocytic and round cell infiltration to a consid- 
erable degree and one only focally around rup- 
tured tubules. The remaining case showed, in 


conformity with the classical description, no evi- 
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dence of an inflammatory process. In only one 
case was there calcification of luminal debris. 


Another example of the renal lesion associated with 
toxic injury is the case of a man of 19 admitted for 
nausea, vomiting, abdominal cramps and black urine of 
30 hours duration. Before death he admitted to eating 
two tubes of tooth paste containing 40 per cent of po- 


tassium chlorate. The coffee colored urine showed 4+ 


albumin, on admission. The patient was given infusions 


of 5 per cent glucose and sucrose; vomiting continued to 
the end. The NPN on the fourth day was 128 mg. per 
cent; on the ninth day, 165. On the fifth day the urine 
volume was 80 cc. in 24 hours and then rose to 200 cc., 
finally to decrease with death on the 11th day. 


Sections of the kidney showed extensive dam- 
age to the tubular epithelium that will be described 
as it appears in our dissected nephrons; the 
glomeruli showed no lesion other than evidence of 
increased permeability to plasma proteins (Fig- 
ure 2). In the sub-cortical medullary zone, that 
is, in the region occupied by the terminal seg- 
ments of the proximal convolution, there was a 
focal infiltration with round cells, plasma cells and 
occasional polymorphonuclear leucocytes. As our 
dissection will show, it was in these terminal seg- 
ments that the greatest damage had occurred. 

Plate 18 is a typical complete proximal convolu- 
tion. Its first half shows a relatively well pre- 
served although swollen tubule but there is little 
evidence of a nuclear pattern. The terminal por- 
tion down to the origin of the narrow limb of 
Henle’s loop is severely damaged with necrosis, 
desquamation and disintegration of the tubular 
epithelium. Nuclear debris and cellular detritus 
fill the course of the tubule. Other proximal con- 
volutions showed disruptive lesions. 

In Plate 19 is shown an example of an ascend- 
ing limb and distal convolution to its junction 
with a collecting tubule. The nuclear pattern of 
the swollen ascending limb can still be recognized. 
In the distal convolution, horizontally center, is a 
The 
basement membrane has disintegrated and_pro- 
liferating epithelial sheets grow at random with no 
reconstitution of the tubule wall. 


greatly swollen area of tubular disruption. 


A dense cast 
follows and then another area of disruption. 

Our two cases of poisoning with di-ethylene 
glycol will be but briefly mentioned here as they 
are to be considered in detail at a later point when 
the reparative processes that occur in the kidney 
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PotasstuM CHLORATE PoISONING—SECTION THROUGH THE PERIGLOMERULAR LOOPS OF A 


PROXIMAL CONVOLUTION 


Some nuclei persist in the swollen vacuolated epithelium but in many, necrosis is complete. 
tions of this figure correspond to the first half of dissected specimen of Plate 18. 


of acute renal failure are described. Sections of 
the kidneys of two individuals who took the toxic 
agent at the same time showed on the 12th day the 
typical vacuolar nephrotoxic lesion in the proxi- 
mal convolutions. In sections of the kidney from 
the individual who had survived for three weeks, 
areas of cellular infiltration with monocytes, 
plasma cells and occasional polymorphonuclear 
leucocytes were present in the sub-cortical zone 
and in foci throughout the cortex. In the dis- 
sected specimens there was extensive nephrotoxic 
damage in the proximal convolutions as well as 
disruption and dissolution of the basement mem- 


brane (Plate 22). In the ascending limbs dis- 


ruptive lesions were also frequent and more ex- 
tensive (Plate 23). 
One case of mushroom poisoning showed in its 


The cross sec- 
Magnification 250 x. 


proximal convolutions a necrosis of the epithelial 
cells of its terminal medullary portion as well as 
frequent tubulorhextic disruptive lesions scattered 
along the course of the entire nephron from proxi- 
mal to distal convolution. The same description 
might be applied to the lesions noted in the neph- 
rons of a case of carbon tetrachloride poisoning. 
In both cases, focal areas of monocytic infiltration 
were present in the sub-cortical medulla in the 
region of tubular damage. 

Ten examples of the damage done to the 
were examined. The 
treatment of the tissues with concentrated HC1 
had removed all traces of crystalline deposits in 
our dissected specimens. 


nephron by sulfonamides 


As has been noted in 
the literature, considerable variation was seen in 
different cases in the detail of the renal lesions. 
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All showed in histological sections an inflam- 
matory interstitial reaction, either diffusely in the 
cortex or sub-cortical medulla or in a granulo- 
matous aspect around ruptured tubules. It was 
the rare example which showed even in histologi- 
No special 


cal section the presence of crystals. 
means had been taken in the preparation of this 
material to preserve these structures, but it seems 


unlikely that they could have been present in every 
ruptured tubule, and several of the few that were 
found lay in tubule cross sections which showed 
no damage. With no very positive evidence in 
the matter, but with the knowledge that similar 


disruptions must have another grigin in the other ° 


forms of renal toxic damage, we are therefore 
somewhat sceptical towards the suggestion that 
rupture of tubules in sulfonamide poisoning is 
the result of perforation of the wall by crystals. 

As has also been the experience of others, we 
have found considerable variatign in the types of 
damage to the tubule of the nephron in our dis- 
sected specimens. In all ten cases definite dis- 
ruptive lesions were found througliout their en- 
tire length from proximal convolution, especially 
in its terminal medullary segment, to the connect- 
ing tubule. In four of the ten cases there was 
frank necrosis of the middle and terminal portions 
Plate 20 is 
shown a complete example: the tubule is swollen 


of the proximal convolution. In 


and the nuclear pattern is obscure throughout. 
In several stretches the disintegration of the tubu- 
lar epithelium is evident and in its terminal por- 
tion it is frankly necrotic. 

In the other six cases the nephrotoxic lesion in 
the proximal convolution was, if present, so slight 
as to be uncertain. As we have mentioned in the 
description of our methods and as will be ap- 
parent in the discussion of our results, human 
autopsy material is unsuited even under the best 
of conditions for the determination of slight 
epithelial alterations, for both in histological sec- 
tion and dissected specimen the demonstration of 
the finer cytoplasmic detail, such as the condition 
of the mitochondrial rodlets, requires immediate 
fixation. 

In Plate 21 an ascending limb, left lower, with a 
well preserved nuclear pattern passes up to a 
distal convolution in which there are several dis- 
ruptive lesions. An attempt at regenerative repair 
may be noted but the break in the tubule wall is 
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not closed. Another distal convolution joins from 
above and the collecting tubule, arching down- 
ward and then up to the right, is filled with ir- 
regular masses of detritus and debris, but its cellu- 
lar pattern is perfectly preserved. 


Later in our exposition we shall return to a 
further consideration of the damage that is found 
in kidneys of acute renal failure associated with 
toxic injury, first when the problem of repair in 
the damaged kidney is discussed and later when 
an experimental examination of the problem of 
the aetiological relations of the two sorts of tubu- 
lar lesion, nephrotoxic and tubulorhextic, is ex- 
amined. Considerably more data will thereby be 
available concerning renal toxic injury. 

For the present, two points may be emphasized. 
First, all examples of fatal acute renal failure due 
to poisoning that we have examined have shown 
not only the classical nephrotoxic necrotizing 
lesion in the proximal convolution but also, scat- 
tered throughout the length of the nephron, the 
disruptive tubulorhextic lesion that was the pre- 
valent feature in the kidney of crush injury. 

The second is the regular occurrence of an 
interstitial inflammatory reaction in greater or 
less degree in fatal acute renal failure whether it 
had arisen on the clinical basis of traumatic or 
injury. This particularly 
prominent in the sub-cortical medulla where the 
terminal portions of the proximal convolution lie 
which, as our dissections have shown, are the fre- 
quent sites of disruptive tubular damage: it was 
also prominent in histological sections in the cor- 
tex around disrupted distal tubules. 


toxic reaction was 


These interstitial reactions have been generally 
recognized as an integral aspect of the renal lesion 
in certain of the “lower nephron nephroses,” such 
as the crush and sulfonamide kidney, but at least 
not emphasized or even mentioned in other mem- 
bers of the group of frank toxic origin. This 
perhaps stems from the subconscious feeling that 
the essential toxic lesion, following sublimate for 
example, must be ‘“non-inflammatory,” a fact 
firmly established indeed by extensive experi- 
mental evidence. We see again, therefore, the 
semantic, yet nonetheless real confusion that has 
resulted from the introduction of the term “ne- 
and its variant of the “lower nephron” 


phrosis’ 
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into the nomenclature of renal disease. It is not 
surprising that A. and H. Bergstrand object most 
strongly to the “-osis,” and insist quite logically 
that it must be an ‘‘-itis” (16), for originally (17), 
and to many authorities today, this is the dis- 
tinction for which the etymological curiosity was 
coined. Since, as we have said elsewhere, ‘“‘ne- 
phrosis’ “all things 
to all men,” it is doubtless futile to insist on any 
particular meaning in the use of the term. Leav- 
ing the solution of the semantic aspect of the prob- 
lem to the ages, we can at least offer an explana- 
tion of the apparently incongruous fact that the 
damage of fatal acute renal failure due to a toxic 


in its protean connotations is 


injury that is characterized by the necrotizing, 


non-inflammatory tubular lesion also shows an in- 
flammatory element in the interstitial tissue of the 
kidney. The latter is obviously not the result of 
the toxic action which caused necrosis of the 
epithelium of the proximal convolution but, as 
can be seen from its localization, is related to the 
disruptive tubulorhextic lesion. The “cause” of 


the interstitial reaction is therefore tied to the 
aetiological factors that operate in the production 
of tubular disruption and these will be examined 
by experimental methods at a later time. 


The collecting tubules and cast formation 


No damage has been found in the collecting 
tubules of any of the kidneys of Acute Renal Failure 
save compression of epithelial cells and occasional 
desquamation ; these ducts, however, contain casts 
and debris in proportion to the amount of damage 
that has occurred in their contiguous nephrons. 
These occlusions are essentially similar in their 
morphological aspects to those seen in all forms 
of renal damage (13), but a description of them 
as they occur in the kidney of Acute Renal Failure 
may be repeated, as the appearance of the tubular 
“cast” is strikingly different in dissected material 
from what is seen in the conventional histological 
section. Functional implications drawn, as they 
usually are, from the latter are apt to be inade- 
quate. Some casts, when seen in their entirety 
lying in situ in the upper or middle branchings of 
the collecting system, are relatively short plugs 
and their appearance is not very different from 
what is observed in longitudinal histological sec- 
tions of a collecting tubule (Plates 17, 21 and 25). 


Many other coagula are of relatively enormous 
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extent: they may be traced as a continuous struc- 
ture in dissected specimens from their origin in the 
ascending limb of a nephron, through its distal 
and connecting tubule into the peripheral branch 
of the collecting tubule and then down through the 
cortex to a point deep in the medulla. In its 
course through the cortex are found branch-like 
extensions of solid material continuous from other 
damaged nephrons which drained into the oc- 
cluded collecting duct, so that the whole coagulum 
forms a hydra-like be-tentacled structure 2 to 3 
em. in length (Plates 4 and 17). Yet in a histo- 
logical section such a complex object might appear 
as a few scattered sections of ‘‘tubules and casts” 
that bear no apparent topographical relation to 
each other. 

These ramifying coagula are not homogeneous 
in structure throughout their considerable length. 
In some, long stretches are composed of clear 
hyaline material and in this substance are irregu- 
lar collections of granular deposit either diffusely 
scattered or conglomerated in irregular masses. 
The dark staining granular material is evidently in 
part cellular debris, for fragments of epithelial 
cells are at times recognizable (Plate 23).  Pig- 
ments and crystals, to be described more fully 
later, are also present. 
entire extent of the coagulum may be opaque and 
granular from an admixture of 
debris. 


In other examples the 


heterogeneous 


Pigment deposition in intratubular debris and casts 

In considering the appearance of the heme pig- 
ments in our preparations it should be recalled 
that the kidney tissues had been macerated in 
concentrated HC1 for 24 to 48 hours preliminary 
to dissection and staining of the nephrons. This 
treatment might be expected to alter both the 
physical and chemical nature of blood pigments 
but, as will be apparent, our findings in the dis- 
sected material agree in all essentials with pre- 
vious observations made on fixed histological ma- 
terial. 

As has been the experience of other investigators, 
we have found heme pigment in all of the kidneys 
that we have examined from cases where myo- 
globin or haemoglobin was liberated into the blood 
stream as part of the primary cause of the clinical 
disturbance. In these and many other instances 
blood transfusions had been given and though a 
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transfusion reaction may not have been noted in 
the clinical record an added source of the pro- 
ducts of blood degradation was therefore present. 
In the cases in which there was no evidence in 
the clinical record that haemolysis or muscle in- 
jury had occurred the typical disruptive tubular 
lesions were found with no histochemical evidence, 
such as the benzidine or Prussian Blue test, of 
It is 
noteworthy, therefore, that in this group of con- 


heme pigment in casts or tubular debris. 


stant and similar renal disturbances associated with 
shock and related conditions of Acute Renal Failure 
there is from their very origin no constancy in re- 
gard to any aetiological factor that concerns heme 


pigmentation. 
The appearance of the pigment in the dissected 


nephrons differs as it is seen in fully formed casts, 
i.e., in the upper ascending limbs of Henle’s loop, 
the distal convolutions and the collecting tubules, 
or in the loose unconsolidated debris that is found 
in the proximal convolution. 

The appearance of the heme pigments in casts 
as they lie im situ in the lumen of the dissected 
nephrons is essentially that which one~ would ex- 
pect to see when viewing in their entirety the ob- 
jects that have previously been described in histo- 
What would otherwise be desig- 
nated as a “hyaline” cast may show an evenly 


logical section. 


diffused, faint brownish discoloration in the un- 
When 


haemotoxylin these coagula take on a dense black 


stained specimen. stained with iron 
color, the same reaction that is seen in them and 
in red blood cells in histological sections. When 
tested for free iron by the Berlin Blue method the 
casts in distal portions of the nephrons and in the 
collecting tubules are negative, but are positive to 
the benzidine reaction. The treatment with HC1 
affected histochemical 
In long casts that run continuously 


has therefore not these 
reactions. 
through considerable lengths of tubule it is often 
observed that the concentration of pigment varies 
greatly and at times with remarkable abruptness 
in various portions of the coagulum. Histological 
sections of such a structure would be interpreted 
as several separate and different sorts of casts. 
In other examples the heme pigment is less 
evenly and finely dispersed in the substance of the 
matrix so that a definitely granular appearance is 
produced which may be exaggerated to the extent 
that conglomerates or sphericles of pigment and, 
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in the extreme case, deformed crystalline deposits 
are seen. We have never observed crystalline 
deposits unassociated with organic matrix. In 
restricted stretches of tubule this appearance may 
be simulated but by following along the tubule it 
becomes evident that these apparently isolated 
“free” crystals form a part of a coagulated struc- 
ture. 

The general distribution and optical character- 
istics of the heme pigment in the casts in the iso- 
lated nephrons have therefore the appearance that 
might be expected if a column of protein-contain- 
ing fluid with irregularly distributed concentra- 
tions of heme pigment had coagulated with the 
production of a varying and discontinuous pattern 
of pigment deposit, from a molecularly dispersed, 
diffuse staining to the inclusion of relatively pure 
crystalline masses. 

As was the case in our correlation of the pres- 
ence of casts with tubular disruption, no positive 
result was observed between the presence of pig- 
ment deposition, either free or in casts, with 
tubular lesions. If a cast was fortuitously pres- 
ent at the point of rupture, it often but not always 
contained heme pigment, but other casts of great 
extent filling continuously the ascending limb and 
distal convolution with extreme concentrations of 
granular pigments were commonly observed sur- 
rounded by an intact and well preserved tubular 
wall (Plates 4, 7, 10, 12, 15 and 19). 
therefore no evidence that the presence of large 
concentrations of heme pigment had any specific 
ill-effect on the tubular epithelium. 

We found little mention in 
studies of shock kidneys of the occurrence of heme 
This 


seems remarkable for much experimental work 


There was 


have previous 


pigments in the proximal convolutions. 


has shown that under normal circumstances these 
pigments are selectively absorbed, stored and 
metabolized, as are other proteins (9), by the 
epithelial cells of this portion of the nephron (18). 
The physiological conditions under which heme 
pigments occur in the proximal convolution are 
therefore very different from what obtains in the 
distal nephron where the pigment lies in the tubule 
lumen unabsorbed and unchanged, as is shown 
by the positive benzidine and negative Berlin Blue 
tests, by the activity of the renal epithelium. Our 
findings in both sections and in dissected nephrons 
of human kidneys were difficult of interpretation 
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until we had studied these processes in the kidneys 
of experimental shock. Our description and dis- 
cussion of heme pigments in the proximal con- 
volution will therefore be deferred until the latter 
have been described. 


Reparative processes in the kidney of Acute 
Renal Failure 

Whereas the clinician has opportunities to fol- 
low the restoration of function in the damaged 
kidney the pathologist sees only the more extreme 
of renal lesions and only those that did not re- 
cover. His factual knowledge is therefore con- 
fined to what he sees of inadequate attempts at 
restitution of a normal structural and functional 
status in the damaged kidney; to this he com- 


monly appends by a sort of imaginative extrapola- 


tion a description of what he thinks the course of 
adequate repair must be in those conditions of 
lesser damage of which he has no first-hand ex- 
perience. The resulting descriptions of what is 
called “tubular regeneration” are perhaps ade- 
quate for concepts of renal structure based solely 
on the study of histological sections which de- 
scribe the kidney as composed of “glomeruli” 
and various sorts of “tubules,” but they prove 
quite meaningless in considering the repair of a 
tortuous and tenuous organ like the nephron 
where continuity is essential to normal function. 
Failure of restitution of a freely draining lumen 
at a single point in its course, for example, or the 
persistence of a single minute hole in its wall, 
may destroy the total functional integrity of the 
whole organ so far as its excretory capacity is 
concerned, no matter how many regenerating 
epithelial cells may have been seen by the ob- 
server's imaginative eye to be “creeping beneath 
the dead debris to reline the most damaged areas.” 

A consideration of the appearance of the disrup- 
tive lesion in Plates 5, 10 and 16 will show at a 
glance that its most severe form is probably ir- 
reparable. Disruption or dissolution of the base- 
ment membrane, the characteristic that distin- 
guishes this lesion from that of nephrotoxic dam- 
age, is the factor which prevents repair, for not 
only is there no directing surface on which re- 
generating epithelial cells “creep” to reform the 
tubule, but the gap in the tubule wall is invaded 
by granulation tissue which fills and obliterates 
the tubule lumen. Here again, then, is seen the 
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antithesis of tubular disruption and the tubular 
lesion of nephrotoxic damage, for in the latter, as 
exemplified by the kidney of the moderate ex- 
ample of sublimate poisoning at least in its ex- 
perimental form, regenerating epithelium relines 
the bare but intact membrana propria so that both 
structure and function are restored. 

It may be that minor disruptions of the tubule 
wall are plugged by proliferating cells; certainly 
evidence of epithelial regeneration, as contrasted 
to nephron reconstitution, is frequently found in 
the dissected specimens. At the margin of the 
tubular disruption may be seen large atypical 
epithelial cells with hyperchromatic nuclei, an ex- 
ample of exuberant but obviously futile regenera- 
tion, and analogous abortive attempts at repair, as 
evidenced by an irregular heaping up of new- 
formed but misplaced cells, are shown in Plates 
16, 17, 19, 21, 24 and 25. 

In instances where considerable amounts of 
blood pigment have flowed through damaged 
tubules, as in the kidney of the transfusion ac- 
cident, it can also be seen that the regenerating 
renal epithelium has regained at least certain of 
its functions. In Plate 12 long stretches of dam- 
aged proximal convolution have been relined with 
an atypical epithelium containing irregularly dis- 
tributed, oval nuclei, yet in spite of this structural 
abnormality the cells have absorbed blood pigment 
Yet in 
spite of these good intentions no restitution of the 


and reduced it in part to hemosiderin. 


function of the nephron as an excretory organ has 
occurred when the distal convolution, as shown in 
Plates 5, 10, 19, 23 and 25, is the seat of an ir- 
reparable disruption. 

Recovery of a structural renal status compatible 
with adequate function therefore becomes a com- 
plex matter when the problem is considered, as 
it must be, from the viewpoint of “restitution of 
nephrons” and not “regeneration of the kidney 
(19). 
may be given to illustrate the varied course of the 


tubules” The detail of three clinical cases 
reparative processes. 

The first two examples form an almost perfect 
experimental examination of the problem of repair 
in acute renal failure related to toxic injury. We 
are indebted to Drs. E. S. Breed and C. F. Baxter 
for their functional data which they will publish 
in detail at a later time, to Dr. R. S. Hotchkiss for 
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Fic. 3. 


Di-Etuyiene Porsonrnc—Section of Kipney or W. R. Diep ox THE 12th Day 


Cross sections of periglomerular coils of proximal convolution showing complete vacuolar necrosis of the 


renal epithelium. There is no regeneration or significant interstitial inflammatory reaction. 


for dissected specimen; also Plate 44. 


the clinical details and to Dr. Milton Helpern for 
the anatomical material. 


Two young, apparently healthy prisoners, W.R. and D., 
in a penal institution obtained surreptitiously a supply of 
what was described as an anti-freeze mixture. How 
much was drunk and for how long continued is not known 
but after eight days W. R. was admitted to the hospital with 
bilateral kidney pain and shortness of breath: red cells and 
albumin were found in his urine. His blood pressure was 
170/100. On the 12th day his PAH, O, and inulin ex- 
traction ratios were all 0; the BUN was 266 mg. per cent. 
During four hours 0.02 cc./min. of urine was collected. 
The blood K was 8.85 m.eq./1. 
tempted during which operation he died of cardiac arrest. 

D. came to the hospital on the day following his com- 
panion’s entrance with essentially similar clinical findings. 
On the 11th day his urine flow was 0.035 cc./min. An 
“artificial kidney” reduced his blood pressure from 200/80 
to 110/70, his NPN from 300 to 180 mg. per cent., and his 
blood K from 8 to 5.19 m.eq/1. The next day the ex- 


Decapsulation was at- 


Magnification 


Cf. Plate 22 


250) » 


That 
afternoon a decapsulation was done and a biopsy obtained 
from the right kidney. The patient did fairly well post- 
operatively ; on the 16th day he was put on the artificial 
kidney again and his blood K reduced from 8.6 to 5.5 
m.eq/l. At this time NPN was 324 mg. per cent. 
The urine output increased gradually from 89 cc. in 24 
hours on the 17th day to 1151 cc. on the 21st day. His 
inulin clearance was then 1.92 ce./min., creatinine 1.16/min. 
and PAH 1.31/min. 


oriented and died. 


traction ratios of PAH, inulin and O, were 0. 


Three days later he became dis- 


The kidneys were therefore available from two 
individuals who took the same nephrotoxic agent, 
di-ethylene glycol as subsequent histological ex- 
amination proved, at the same time. One (W. 
R.) died on the 12th day at what might be de- 
scribed as the height of renal damage and in renal 
failure. A biopsy was taken from the other (D.) 
at approximately the same period after the poison- 
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ing, thus allowing a comparison of the anatomical 
lesion in the kidneys of the two cases at the point 
of its maximum development. The individual, 
D., showed a functional recovery so far as water 
excretion was concerned, but died of renal failure 
24 days after taking the poison. 

Histological sections of the kidney of W. R. 
who died on the 12th day showed the typical 
vacuolar epithelial alteration caused by di-ethylene 
glycol in sections of what are apparently proximal 
convolutions; there were casts and debris and 
other alterations in the other portions of the ne- 
phron. There was no evidence of epithelial re- 
generation (Figure 3). 

Dissections of nephrons showed the full develop- 
ment of the renal lesion with no evidence of repair. 
In Plate 22 is shown the glorerulus and the first 
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portion of a proximal convolution; the epithelium 
of the tubule is completely disarranged ; the vacu- 
olar change is not evident in the thickness of the 
dissected specimen which was purposely heavily 
stained in order that the protoplasmic remnants of 
the epithelium would be visible. 
specimen shows quite clearly that the damage is 
more than a nephrotoxic epithelial lesion, for the 
basement membrane has been destroyed along the 


The dissected 


greater part of the preparation and at several 
places in the course of the tubule typical disruptive 
tubulorhexis is evident. In ascending limbs and 
distal (Plate 23) 
tubular lesions are also present along with casts 
The 


epithelium of the collecting tubule, however, is 


convolutions the disruptive 
and diffuse basement membrane damage. 


intact though its lumen contains irregular collec- 


Fic. 4. Di-EtHyLene Potsontnc—Biopsy FROM THE Cortex oF THE oF D. on THE 11th 
Day 


Note that the lesion is identical with that of the other case shown in Figure 3. 


Magnification 250 x. 
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THE Biopsy oF 
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Di-Etuy.Leneé Giycot Porsontnc—THe Kipney or D. at Autopsy 13 Days AFTER THE TAKING OF 
THE 


PRECEDING FIGURE 


No vacuolated necrotic cells remain, the original tubular lining being completely replaced by the pro- 


liferation of a flat epithelium. 


tion 250 x. 
tions of cellular debris and casts. The over-all 
picture of the renal lesion may therefore by sum- 
marized as a combination of extensive nephro- 


toxic and disruptive tubular damage with no re- 


generation or repair. 

Histological sections of the biopsy taken on the 
11th day from the kidney of D. showed widespread 
and acute lesions identical to those observed in 
W. R.; this observation is of importance as it 
shows the degree of damage in the kidney of this 
individual 13 days before his death (Figure 4). 
Histological sections taken from the kidney post 
mortem, that is, approximately three weeks after the 
ingestion of the poison, showed none of the acutely 
damaged vacuolated cells seen in the biopsy in the 


There was, however, no significant return of tubular function and the lack 
of restitution of a nephron structure compatible with function is seen in Plates 24 and 25. 


Magnifica- 


cross sections of proximal convolutions. ‘These 
tubules were considerably dilated and completely 
lined with a flat, atypical, regenerating epithelium 
which in appearance had reformed the tubule wall. 
In cross sections of other portions of the nephron, 
In the 
sub-cortical region and extending deep into the 


tubular damage and casts were frequent. 


medulla there was a heavy infiltration with in- 
flammatory round cells and leucocytes (Figures 
5 and 6). 

Dissections of proximal convolutions present 
an entirely different aspect of the epithelial re- 
generation from what was apparent in histological 
section, for it can be seen at a glance that the 
tubule wall is neither reformed nor a continuous 
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lumen reestablished, which is the only sort of 
lumen that functional The 
tubule is greatly dilated and its contours are re- 
markably irregular. ‘This 
both to sudden constrictions (A) scattered along 
its length and to sudden fingerlike pouches and 


has significance. 


irregularity is due 


protrusions (B) which are formed of dark stain- 
ing bands and strips of regenerating renal epithel- 
ium. Moreover regenerating cells are not con- 
fined to the wall of the tubule, but grow in ran- 
dom whorls that double back into the lumen (C) 
and at times form valve-like flaps and irregular 
masses which impinge upon and obstruct it (Plate 
24). 

In the ascending limbs and distal convolutions 
there is also extensive disruptive tubular damage, 
extensive cast formation and irregular repair. 
The sheets and bands of dark staining regenerating 
epithelium are clearly seen; it will be noticed that 


Fic. 6. 


Same Section as Ficure 5 SHow1nG Cross SECTIONS OF 
INFLAMMATORY REACTION IN THE INTERSTITIAL TISSUE. 
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they are exceedingly patchy in distribution and 
that the tubule wall, even where regeneration is 
most active, is far from reestablished. ‘The dark 
black segments are portions of relatively intact 
tubule filled with casts. Frank disruptions of the 
tubule wall with surrounding ingrowths of inflam- 
( Plate 


matory granulation tissue are present 


To summarize, it is clear that in this kidney 


which showed grave structural damage on the 
11th day, and of which, from the appearances noted 
in histological section, it would have been said 
that extensive “tubular regeneration” had oc- 
curred by the 24th day, there was little evidence 
of an adequate reconstitution of functional ne- 
phrons in spite of the exuberance of epithelial 
regeneration. 

Referring back to the examples of toxic renal 
injury due to sublimate and potassium chlorate, 


DisrupTED TUBULES HEaAvy 


Magnification 250 x. 
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similar difficulties in the repair of the disruptive 
tubular lesions may be noted. In Plate 16 the 
large disruption in the proximal convolution is 
filled with masses of dark staining, atypical epi- 
thelial cells that protrude into the irregularly dilated 
lumen and, as a result of the disintegration of the 
basement membrane, form isolated islands of pro- 
liferating epithelium rather than a reconstituted 
tubule wall. In Plate 19 the swollen disruption 
in the distal convolution is only partially lined by 
sheets of epithelium, and these, lacking the sup- 
port of a basement membrane, stream out irregu- 
larly into the tubule lumen. 

As evidence of the permanency of the damage 
that is inflicted on the individual nephrons by the 
disruptive tubular lesion, an example of repeated 
episodes of renal damage over a period of years 
may be cited. Our material was obtained from 
a case of paroxysmal hemoglobinuria reported by 
Drs. Ralph Sussman and Herbert Kayden (20). 
After 11 typical attacks over a period of two years, 
an extraordinarily seizure resulted in 
oliguria and nitrogen retention with death on the 
12th day. The typical lesions of tubular disrup- 
tion and heme pigment casts were described by 
Dr. Alfred Plaut and the authors point out the 
similarity of the renal condition to “post-trans- 
fusion and crush injury nephrosis.” Of interest 
to our immediate problem, the histological exam- 
ination by Dr. Plaut showed not only typical acute 
tubular lesions but also “a diffuse fibrotic process 
with . apparently remnants 
of renal injury resulting from 11 previous hemoly- 
tic episodes. It should be noted that no vascular 
changes were reported to suggest a vascular cause 
for the renal lesions.” 


severe 


numerous scars 


In the more dense fibrotic scars which were 
scattered through the renal cortex only remnants 
of nephrons could be found by dissection. These 
consisted of atrophied bits of what could still be 
recognized as proximal convolutions attached to 
shrunken, fibrous glomeruli. In the looser fibrous 
tissue at the periphery of the scars better pre- 
served but markedly deformed nephrons were 
Plate 26 shows an irregularly atrophic 
proximal convolution in which are seen several 
surrounded by  ad- 
hesions of granulation tissue that resulted from 
the terminal acute attack. In Plate 27 is seen a 
badly damaged ascending limb and distal con- 


found. 


tubulorhextic disruptions 
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volution which, probably as a result of peripheral 
obstruction, shows a huge irregular cystic dilation. 
Numerous diverticula, the origin of which bears 
no relation to the renal lesions, are present.’ 

To summarize our findings regarding the re- 
parative process: restitution of function in kidneys 
of Acute Renal Failure associated with traumatic 
and toxic injury would seem to depend chiefly 
on the recovery of functional normality in ne- 
phrons which have never suffered the fully de- 
veloped disruptive lesion. 
ing, where nephrotoxic tubular lesions with an 
intact basement membrane predominate, epithelial 
regeneration can reconstitute the tubule of the 
nephron with relative ease; if there is extensive 
tubulorhextic damage, as there is in fatal poison- 
ing, the reparative problem is less simple. Then, 
‘shock” kidney 


In the case of poison- 


‘ 


as in the case of “the crush” or 
where disruptive tubular lesions prevail, recovery 
of renal function depends on the restitution of 
functional normality in nephrons which have never 
suffered the full brunt of the disruptive injury. 
The peculiarly spotty distribution of these lesions 
among the nephrons, some of which show no 
significant damage in the most grievously altered 
kidney, makes this eventuality possible. 


Summary of the structural alterations in human 
kidneys in Acute Renal Failure 


Before proceeding to an examination by the 
experimental method of aetiological problems, a 
brief summary of the structural alterations seen in 
the human kidney in Acute Renal Failure related 
to traumatic and toxic injury should be useful to 
fix clearly in mind what sort of lesion is to be 
reproduced, 

The distinctive disruption of tubules described 
by Dunn, Gillespie and Niven is characteristic of 
all members of this group. This lesion, for which 
the name tubulorhexis has been suggested, occurs 
in all parts of nephron indiscriminately from the 


3 These objects, found not infrequently in normal kid- 
neys and only on the distal convolution, may become so 
large as to have the configuration of glomeruli (cf. insert, 
Plate 27) ; they have on occasion been described as such 
in dissected specimens and so led to much perplexity as 
to how glomeruli could become attached to collecting 


tubules. In histological sections they may appear as 
gland-like structures independent of the tubules and, with 
their contained colloid-like material, have been inter- 
preted as renal “endocrine” elements. 
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proximal convolution to the collecting tubule. Its 
distribution is entirely random both in the ne- 
phron and among the nephrons; even in the kid- 
ney that has failed some nephrons are found 
essentially undamaged. The lesions show no 
constant association with either casts or accumula- 
tions of heme pigment; the lumen of the distal ne- 
phron commonly contains these materials with no 
damage to the tubule wall. 

In kidneys from cases where poisoning has been 
the clinical cause of renal failure there is also 
found besides the disruptive lesions tubular dam- 
age of a nephrotoxic nature; this is located in 
proximal convolutions and is evenly distributed 
throughout all the nephrons. Such lesions are 
absent or minimal in cases where the renal damagg 
follows shock resulting from traumatic injury. 


THE REPRODUCTION OF THE LESIONS OF THE 
KIDNEY OF SHOCK BY EXPERIMENTAL 
PROCEDURES 

Now that the lesions observed in the human 
kidney of shock have been described we may re- 
turn to our earlier stated problems of aetiology, 
pathogenesis and clinical correlation. It is clear 
at once, however, that these questions present 
themselves in a very different form when they 
arise from the consideration of the description of 
the structural status of the damaged kidney that 
we have given rather than on the basis of the cur- 
rent designation of the lesion as a “lower nephron 
nephrosis.” The problems to be put to experi- 
mental test are therefore quite different from those 
which have been examined by previous investi- 
gators, and this is particularly true when the ex- 
periment is directed toward the reproduction of 
the human type of lesion in the kidney of animals. 
A priori, one could be reasonably certain that no 
such disturbance as an induced ischemia could 
produce lesions limited to the “lower nephron” 
for the the renal 
circulation and the topographical arrangements of 
the nephron make such an eventuality impossible. 
As has been suggested in our introduction, the 
frustrations and difficulties of experimenters in 


anatomical characteristics of 


the past were, therefore, due to the fact that ques- 
tions were asked that had no answer. With the 
knowledge that proximal convolutions must be 
damaged if the human lesion is to be reproduced 
and that in fact any or all parts of the nephron 
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may be involved, we can approach the experi- 
mental verification of the thesis of ischemic dam- 
age with a new and more hopeful attitude. This 
is particularly true since there would seem to be 
little chance that experiments based on a hypo- 
thesis of toxic damage would be successful, for it 
is apparent from our descriptions that the essential 
disruptive tubular lesion of the human kidney is 
different, in both its nature and location in the 
nephron and in its distribution among the ne- 
phrons, from what is produced experimentally by 
nephrotoxic poisons. No toxic substance reach- 
ing the kidney by the blood stream could con- 
ceivably cause such random damage as we have 
described in such functionally disparate parts of 
so many independent organs. 

Among all the factors that have been suggested 
as a cause of the renal lesion, ischemia stands out 
as the disturbance par excellence which produces 
random and scattered damage. This is especially 
so when the circulation fails in small, widely dis- 
tributed, terminal arteries and arterioles; an ex- 
ample of its effect is seen in the kidney itself 
where arteriolar-sclerotic fibrous scars, irregularly 
scattered through the renal cortex, encroach upon 
and surround atrophied portions of the nephrons 
at random. So close is this analogy drawn from 
his general experience, that the pathological ana- 
tomist might have little hesitation in deciding our 
problem on the basis of induction from his struc- 
tural observations of the human renal lesions alone 
if the experimental verification of this conclusion 
were not possible. 

As a matter of fact the recent development of a 
visual technique has made it possible for the 
morphologist to observe directly the circulatory 
status of the kidney and, as is desired in our 
problem, to actually see the pattern of an ischemia 
as it existed in the experimental animal at the 
moment prior to its sacrifice. Schlegel and Moses 
(21) have shown that the fluorescent dye, thio- 
flavin S, when injected intravenously in small 
amount, diffuses into the wall of the arteries and 
arterioles and glomeruli and is there retained for 
a sufficient time so that if the kidney is promptly 
removed and viewec. at low magnification under 
ultra-violet light all the glomeruli and vessels 
which had been receiving blood containing the dye 
stand out in brilliant secondary fluorescence against 
the darker background of the renal tissue. We 


| 
; 


1328 MURIEL 


JEAN OLIVER, 
shall use this technique at a later point in our in- 
vestigation and will at that time describe more 
fully the technical details. 
of Drs. Schlegel’s and Moses’ original illustrations 


For the present, one 


of a normal kidney of a rabbit showing the arteries, 
arterioles and glomeruli that were receiving blood 
at the moment of its death is seen in Figure 7A. 
The even distribution of the circulatory pattern 
is most beautifully demonstrated and in contrast, 
Figure 7B, taken from the same report, shows 
the pattern of the renal ischemia that followed the 
intravenous injection of 1 10,000 adrenalin. Ir- 
regular areas of renal cortex are seen in which 
the patent and fluorescent vessels and glomeruli 
stand out in brilliant contrast to the patches of 
dark ischemic tissue where the circulatory bed had 
received no dye. If one visualizes the distribu- 
tion of the constituent nephrons on this spotty 
background of ischemic cortex one can anticipate 
how the random pattern of tubular damage that 
we have described in the nephrons of the human 


kidneys of shock might develop. (Figure &. ) 


* * * * * * 


Our examination of the structural lesions in the 


kidney of experimental shock was made on ma- 


terial from the extensive studies of Drs. D. D. 
Van Slyke, R. A. Phillips, V. P. Dole, P. B. 
Hamilton, K. Emerson, Jr. and R. M. Archibald, 
on the functional disturbances that occur in the 
kidney in this condition (5, 22). 

In these experiments on dogs the functional 
effects of the renal ischemia which is known to be 
part of the general phenomena of shock in man 
were examined under varying conditions. ‘To 
determine the effect of duration of the ischemia, 
clamps were placed on the renal artery so that 
blood flow to the kidney was arrested for periods 
up to three hours and longer. In animals whose 
renal artery was clamped three hours, the kidneys 
after a few days of renal inadequacy ultimately 
recovered their functional capacity; those whose 
artery was clamped longer died in renal failure. 
Analogous functional disturbances were observed 
in dogs in shock when the renal blood flow, es- 
timated by hippurate clearance, had heen reduced 
as a result of a hemorrhage or trauma below 1 
per cent of its initial normal rate for a period of 
four hours. These investigators found that in 
general the progressive effects of ischemia on the 
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kidney, both in the experimental animals and in 
human cases, could be divided into three stages: 
(7) functional 


evidence of damage to nephrons; (2) more severe 


reduced renal function without 
reduction in renal function with functional evi- 
dence of reversible damage to nephrons; and (3) 
the development of a progressive uremia and 
death with apparently irreversible damage to 
nephrons. The first two stages could be pro- 
duced in dogs by shock resulting from trauma or 
hemorrhage; the production in the dog of the 
third stage usually required the clamping of the 
renal artery for at least four hours. 

The kidneys of representative animals from 
these investigations were studied by us in histo- 
logical section and by microdissection. It can 
easily be understood from a consideration of the 
precarious situation that must have obtained in 
experiments of the sort described (where the ani- 
mal is in severe shock or is subjected to such rela- 
tively grave experimental procedures as a pro- 
longed clamping of his renal artery and yet must 
be maintained so as to respond to elaborate func- 
tional examinations ), that it cannot be hoped that 
every experiment will approximate the delicate 
balance that determines the status of the human 
Many of 


the kidneys, especially those whose renal artery 


kidney in naturally occurring shock. 


had been clamped four hours, showed gross struc- 
tural damage far beyond that ever seen m_ the 
kidney of shock m man and in other experiments, 
conversely, not enough structural damage was 
produced to be comparable with the fatal human 
renal lesion. The grossly damaged kidneys, as 
we shall point out later, were useful, however, as 
their exaggeration confirmed conclusions derived 
from the fully successful experiment where both 
functional and structural lesions reproduced the 
syndrome seen in the human kidney of shock. 


The effect on the kidney of direct ischemia 
produced by clamping the renal artery 

We have found that nephrons from kidneys, the 
renal artery of which has been clamped four hours or 
longer, cannot be dissected because the basement 
membrane of the necrotic tubules, though still visible 
in sections, is also “necrotic,” with the result that 
the tubules disintegrate completely on macera- 
tion and only short remnants and debris can be 


isolated. It is noteworthy, therefore, that the 
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B 


Fic. From SCHLEGEL AND Moses—-VISUALIZATION OF KipNEY Bioop Vessets (21) 


A, the pattern of the normal circulation in the rabbit kidney; B, the patchy ischemia resulting from 
the action of adrenalin. Reproduced by permission of the authors and publishers. 
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Fic. 8 


tubular lesion in these exaggerated instances of 
experimental ischemic damage show the essential 
characteristic that was noted in the tubulorhexis 
of the human case, i.ec., dissolution of the base- 
ment membrane as well as epithelial necrosis. 
Considerably less ischemic damage is shown in 
(dog K29). Under 
nembutal anesthesia the area of the renal vessels 


the following experiment 


was exposed on the left side and two rubber 


covered serrefines placed on the left renal artery 


where they ren.ained for 66 minutes. The right 
Seventy- 


two minutes after the removal of the clamps a 


kidney remained undisturbed in situ. 


350 ce. infusion was given consisting of 50 cc. of 
the animal’s red cells laked with 200 cc. of dis- 
tilled water with added salt to isotonicity and 


50 ce. of the animal’s plasma. As one kidney had 


remained intact in this experiment no functional 
examinations were made. The animal was killed 
five days later. 

Histological sections of the right kidney showed 
no lesions ; in the left kidney there were irregularly 
scattered areas of tubular destruction in 
proximal convolutions were prominent; approxi- 
mately one-half of the cortical tissue was thus in- 
volved. 

Dissections of nephrons showed a_ peculiarly 


which 


localized nature of tubular destruction : rarely was 
the greater part of any portion of a nephron en- 
tirely involved. 
proximal convolution. 


In Plate 28 is shown a complete 
Its first portion is com- 
pletely destroyed, the basement membrane has 
disintegrated and its epithelium is reduced to 
debris. The mid-portion then appears remark- 
ably well preserved; even the mitochondrial rod- 
lets, the most sensitive indicator of cellular dam- 
age, can be seen and the usual cellular pattern of 
the unstained nuclei of the renal epithelium is 
clearly apparent. At the beginning of the medul- 
lary segment scattered areas of epithelial necro- 
sis appear which become progressively more ex- 
tensive until complete epithelial disintegration is 
observed in its terminal part which narrows to 
the thin limb of Henle’s loop. It should be noted 
that in the severely damaged terminal portion of 
the convolution the membrane, so 
clearly seen in the normal middle portion, had dis- 
appeared. 

A typical lesion in the distal portion of the ne- 
The contours of 


basement 


phron is shown in Plate 29. 
the ascending limb to the left are fairly well pre- 
served but throughout its length irregular col- 
lections of cellular debris are seen in the tubule 
lumen. The distal convolution is filled and ir- 
regularly distended with deep black, consolidated 
haemoglobin casts that were positive to the benzi- 
dine test (A) and at (B) a typical disruptive 
lesion of tubulorhexis is observed. Crystal-like 
deposits of heme pigment are well shown at this 
point (B?). 
on the distal and connecting tubule are markedly 
distended with a solid coagulum of heme pigment 
yet the tubule wall is intact. 

This experiment is of interest in showing that 
though in histological section the severity of the 


It can be observed that from here 


damage in the proximal convolution masks its es- 
sential identity with what is observed in the kid- 
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ney of human shock, an examination of the lesion 
in the isolated nephrons shows not only the same 
type of limited, disruptive tubular damage but also 
the same scattered 
stretches of nephron from proximal to distal con- 
volution that 
lesion. 


random involvement of 


is so characteristic of the human 


In experiment K26 an even closer approxima- 
tion to the human lesion was obtained. Under 
nembutal anesthesia the right kidney was removed 
and a serrefine placed on the leit renal artery for 
60 minutes. The animal remained in good clinical 
condition ; no functional studies were made and it 
was killed on the fourth day after the operation. 

Sections of the left kidney show none of what 
“frank” 
The epithelial cells in occasional cross 


is commonly called necrosis of renal 
tubules. 
sections of a proximal convolution appear des- 
quamated or disarranged but so rare is this ap- 
pearance among surrounding well-preserved cross 
sections that a conservative examiner would prob- 
ably ignore it as some sort of fortuitous artifact. 
The distal convolutions and collecting tubules 
contain casts that stain deeply with eosine and 
which are benzidine positive but negative for free 
re. 

Plate 30 shows a complete proximal convolu- 
tion. The cellular pattern is particularly well 
shown; at (.A) even the mitochondrial rodlets of 
the epithelium can be made out. At the arrows 
various degrees of cellular damage, from an ir- 
regularity of the mitochondrial pattern to com- 
plete necrosis with disruption of the tubule wall, 
are evident in short isolated segments of the con- 
volution. At (B) are seen short segments of 
tubule where the basement membrane is destroyed 
and the necrotic epithelial cells are resolved into 
In Plate 31 three distal con- 
volutions join a collecting tubule on the left. In 


dark stained debris. 


the distal convolutions and collecting tubule (A) 
can be seen the infrequently mentioned dark stain- 
ing intercalated cells peculiar to this portion of the 
nephron. There are many small diverticula on 
the upper portion of the collecting tubule. There 
are no casts or damage except in the lowermost 
(B) the tubule is dis- 
rupted and filled by a black stained plug of heme 
pigment; at (C) the lumen is packed with similar 
material but the epithelium is intact. 

To summarize these experiments it may be said 


distal convolution. At 
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that under proper conditions of degree and dura- 
tion, direct ischemia of the kidney following clamp- 
ing of the renal artery reproduced the essential 
structural lesions that are observed in the human 
kidney in shock. In the instances where either 
the degree or the duration of the ischemia was 
extreme, the extensive structural damage. still 
showed in exaggerated form the two character- 
istics of the renal lesions that are seen in human 
kidney of shock, namely irregularity of distribu- 
tion of tubule damage, both within the nephron 
and throughout the kidney as a whole, and the 
complete destruction of limited stretches of tubule 
membrane scattered along the 


and basement 


course of a well preserved normal nephron. 


The effect on the kidney of ischemia produced by 
renal vasoconstriction following trauma 


The second group of experiments was analogous 
in the manner in which renal ischemia was pro- 
duced to what occurs in the ‘crush kidney” of 
man, namely a renal vasoconstriction following as 
a reflex to trauma of the muscle masses of the 
Conversely to the previous experiments 
where exaggerated effects were more easily pro- 


limbs. 


duced, in these the difficulty of a successful dem- 
onstration lay in the production of a sufficient de- 
gree and duration of renal ischemia to produce 
structural lesions and in the necessity at the same 
time of maintaining the animal in a physiologically 
adequate condition that would allow the perform- 
ance of the functional tests (in particular hip- 
purate extraction) that measured the degree of 
functional damage and renal blood flow. The 
details of these experimental procedures and the 
rationale of the functional determination of renal 
blood flow are given in extenso in the publication 
of Phillips, Dole, Hamilton, Emerson, Archibald 
and Van Slyke (22). 
were from experiments similar to those shown in 
Table IV of that article: unfortunately the kid- 


The kidneys examined 


neys from the identical dogs of this table were not 
available for structural examination, but the func- 
tional findings in those whose structural status is 
here reported were similar. The rate of hippurate 
excretion during the course of each experiment 
will be given as an indication of the degree and 
duration of renal ischemia that existed in the kid- 


neys. 
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1. Minimum functional and structural damage 
(K33). Under deep nembutal anesthesia, with the 


customary priming dose and sustaining infusion « 


» 


PAH, trauma to the legs was begun at minute 9 
of the experiment. At 94 the PAH excreied had 
fallen from 5320 y min. to 709 y, at minute 119 to 
11 y, and at 131 to 1 y min. 
terruptedly repeated from minutes 134 until 301, 


The trauma was in- 


and during this period the average of PAH was 
4.7 y/min. 
at minute 303 was followed by a rise of excretion 


A transfusion of the dog's own blood 


to 33 y min. and at minute 397, to 2890 y ‘min. 
On the fourth day, though the animal's clinical 
The blood 
urea N preceding the experiments was 15 mg. 
It rose to 24.8 on the second day and 


condition was good, it was sacrificed. 


per cent. 
was 14.5 before death. Judging from the fune- 
tional examination it might be said that although 
there was a period of extreme renal ischemia for 
200 minutes the functional damage was reversible 
and not severe. 

Histological section of the kidney showed only 
slight evidence of damage, much less than that 
seen in even the least damaged) kidneys of the 
previous experiments where the renal artery was 
clamped. Benzidine positive casts. however, were 
frequent in the distal convolutions. 

Dissections of nephrons showed the majority 
to be well preserved ; many, however, showed the 
lesions to be described. 

The lesions in the damaged nephrons were en- 
tirely similar in distribution throughout the ne- 
phron and in their nature to those seen in the 
former experiments of clamping the renal artery 
and to those that we have described in the human 
cases. Plate 32 shows a typical complete proxi- 
mal convolution. The normal epithelial pattern 
of clear nuclei in a dark background of cellular 
granular protoplasm exists throughout the greater 
part of the convolution. At (A) the tubule is 
swollen, the epithelium entirely necrotic and the 
The detail of 
these lesions is shown in the inserts of Plate 33. 


basement membrane disrupted. 


The arrows indicate where lesser degrees of simi- 
lar damage may be seen. The terminal segment 
contains, as it normally does in the dog,! a con- 


*The presence of fat in the terminal portion of the 
proximal convolution of the normal dog nephron is well- 
known to anatomists (23) but less so to some experi- 
mentalists. As a result there quite regularly appears in 
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siderable amount of fat which stains so black that 
cellular detail is obscured. In Plate 33 is shown 
a typical ascending limb and distal convolution. 
The first portion of the former contains isolated 
casts of black stained heme pigment; its upper 
and all of the distal convolution is dis- 
and filled with a solid continuous heme 
The cellular detail is thereby 


pe 
tended 
stained coagulum. 
completely obscured, but the damage to the base- 
ment membrane of the distal convolution is evident 
from the adhesions which surround the tubule 
wall. 

2. Severe functional and structural damage 
(K32.) 
tially similar to the preceding experiment. 


The experimental procedure was essen- 
At 21 
minutes the priming dose of PAH was begun. 
At 49 minutes PAH excreted was 3100 y min. 
Trauma was begun at 70 minutes; at SO minutes 
1660 y min. The 
trauma was repeated at intervals and at 159 min- 


excretion had dropped to 
utes PAH excretion was 3.0 y min. and fell pro- 
gressively to 1.5 y/min. At 305 minutes 1000 ce. 
of a whole blood transfusion was begun; to the 
The 


Before the experiment 


blood were added 35 cc. of laked blood cells. 
animal responded well. 
the blood urea nitrogen was 10.9 mg. per cent. 
On the fourth day it was 25.4 and on the seventh 
day, 79.4. 


sacrificed, 


The animal, having convulsions, was 


Histological sections of beth kidneys showed 
moderate but definite damage to tubules. An 
occasional cross section of a proximal convolution 
could be found with definite necrosis of epithelial 
cells. There were 


many heme pigment casts, 


positive to benzidine but negative to the Berlin 
Blue reaction, in distal convolutions and definite 
epithelial necrosis in “straight tubules’ which 
might be either ascending limbs or medullary seg- 
ments of proximal convolution. 

On dissection a relatively large number of ne- 
phrons, definitely the majority, showed varying 
degrees of damage. In Plate 34 is seen a com- 
the literature correlation of various procedures with the 
experimenter’s discovery of this normal anatomical fact. 
In the last two years the senior author can recall three 
yuch instances; two in which dietary factors and one in 
which a neurological lesion were implicated. There will 
doubtless be more, so that the general reader may care 
to keep this bit of elementary histology in mind for future 
critical use. 
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The first two thirds 
are fairly well preserved though stretches are seen 
where the cell pattern is disturbed. 
the terminal medullary segment (A) there is 


plete proximal convolution, 
Jeginning in 


frank necrosis of epithelial cells and disintegra- 
tion of the basement membrane with resulting 
peritubular adhesions. 
end of the convolution is seen an extensive and 
complete necrosis of the tubule. The detail of 
these lesions is shown in Plate 35 at a higher 
magnification. 

Ascending limbs and distal convolutions also 
frequently showed typical tubulorhextic lesions 
(Plate 36). The cellular pattern of the lower por- 
tion of the ascending limb is visible ; its upper third 
contains black stained heme pigment casts and it 
passes into a distal convolution that also is dis- 
tended and plugged with a similar material. The 
wall of the distal convolution is disrupted and 
there are the usual peritubular adhesions. 


From this point on to the 


To summarize: in these experiments where 
renal ischemia followed upon shock produced by 
trauma to muscle, lesions of the nephrons were 
produced similar in their nature and distribution 
to those that were found in the human “crush 
kidney.” 

One point stands out more clearly in the ex- 
periments than in the human examples of the renal 


lesion, for in them it is plainly evident that the . 


degree of damage in the kidney of shock is 
largely a function of the number of nephrons af- 
fected by the ischemic insult and not of the sever- 
The few 
nephrons of the first experiment where renal func- 


itv of the lesion in the nephrons per se. 


tion was not greatly reduced were damaged as 
severely and in the same manner as the many 
damaged nephrons of the third experiment in 
which renal failure resulted. 
contrast with the situation in the kidney of wide- 


This is in striking 


spread nephrotoxic tubular damage where, since 
all nephrons are universally affected by the toxic 
insult, it is the degree of nephron damage that 
determines the total functional result. 

Another apparently minor point, but one to 
which we shall later refer in our discussion, is 
established by the experimental procedure. ‘This 
is the remarkable cytological normality of the 
epithelial cells of the tubule in regions other than 
where ischemic disruptive tubulorhexis has oc- 
The fixation of the tissues 


curred. immediate 
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that is possible in the experiment allows the ob- 
servation of such detail as the intactness of the 
mitochondrial rodlets in the cells throughout the 
nephron immediately up to the point of disruption 
(Insert, Plate 28). There is therefore no evi- 
dence of any toxic damage in the experimental 
lesion produced by the identical mechanisms that 
are the cause of the “crush” kidney in man. 


The heme pigment metabolism in the 
kidney of shock 

We have previously described the occurrence of 
heme pigments only as they appear in casts in the 
distal segments of the nephron. These deposits 
lie in the lumen of the tubules and therefore out- 
side the kidney tissue and from their histochemical 
reactions, 1.¢., positive benzidine test and negative 
Serlin Blue reaction, have undergone no apparent 
alteration in their chemical structure since they 
give the same reactions to these tests as does 
haemoglobin. As it is well known that heme pig- 
ments filtering through the glomerular membrane 
under a variety of circumstances are absorbed 
by the epithelial cells and are there broken down 


to simpler degradation products, it would seem 


warranted to consider these processes as a special 
case of the metabolic mechanism by which the kid- 
these activities in the case of blood pigments may 
be found ih the work of Rather (18) and Lipp- 
man, Ureen and Oliver (24). 


ney handles proteins Recent studies of 


In our earlier discussion concerning the finding 
of heme pigments in the casts of the human 
“crush” kidney the comment was made that it 
seems singular that so little mention is made in 
the current literature of these processes in the 
proximal convolution. The presence of the pig- 
ment in the distal portion of the nephron is proof 
that the cells of the proximal portions must have 
been in contact with these materials, so that the 
absence of the usual absorptive activity in the 
proximal convolution requires an explanation. 
Considerable light is thrown on this anomalous 
situation by an examination of the material from 
the experiments of Van Slyke and his co-workers 
and comparison of these findings with those of the 
human material. 

The full picture of the renal metabolism of the 
heme pigments is seen in those experiments where 
the more natural mechanisms of 


and moderate 
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reflex vasoconstriction following trauma were the 
In these 
experiments the ischemia, though extreme and of 


cause of ischemia and nephron damage. 


more than one hour duration, was not absolute as 
it was in those in which the renal artery was 
clamped. Three potential sources from which 
heme pigments may enter the tubule lumen are 
evident in the experiments ; namely, as a result of 
the glomerular filtration of haemoglobin free in the 
circulating blood, from the transfusion of whole 
blood even when not followed by any perceptible 
clinical reaction and from the entrance of myo- 
globin and possibly also haemoglobin as a result of 
muscle trauma. In experiment K32 the urine 
was noted as “blood tinged” 28 minutes after 
trauma was begun and 207 minutes before a trans- 
fusion was given. A fourth source may also be 
mentioned in passing though there is no direct 
evidence of it in the experiments, namely the pas- 
sage of red cells through glomeruli made more 
permeable by ischemic damage followed by hae- 
At least 
there seems no other source of the few benzidine 


molysis of them in the tubule Ipmen. 


casts found in experiment K26 where the renal 
artery was clamped but no transfusion or trauma 
to muscles occurred. 

In histological sections of all of the trauma ex- 
(K31-33 and K35) laked 


blood or an apparently reactionless whole blood 


periments whether 
transfusion had been given, the epithefial cells of 
those parts of the proximal convolutions which 
had escaped damage, a considerable portion as 
judged by the intact mitochondrial pattern seen in 
Plate 32, were filled with fine benzidine positive 
droplets. There was also, as is always observed 
in normal renal cells absorbing heme pigments, a 
light diffuse tinging of the protoplasm by the 
benzidine reaction. In the occasional cross sec- 
tion that showed damage in the form of disruption 
or desquamation of epithelial cells only a very 
light diffuse staining was evident and few if any 
In the lumen of the proximal convolu- 
tions there was also seen granular detritus or 


droplets. 


debris that was benzidine positive, but in straight 
tubules in the outer stripe of the medulla, presum- 
ably ascending limbs, and in the periglomerular 
loops of the distal convolution, deep brownish 
yellow stained, well-consolidated casts were pres- 
ent. There were also many benzidine positively 
reacting casts in collecting tubules. 
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As all these animals had lived several days, the 
degradation of the heme pigments could be fol- 
lowed. The Berlin Blue reaction was strongly 
positive in all the cells of the proximal convolution 
that the benzidine stain had showed to contain 
The existed either as 
discrete granules or as a bluish tinge of droplet- 
like structures. Within the lumen of the proxi- 
mal convolution the debris was faintly positive 
for free Fe, but the well-consolidated 
casts in the ascending limbs, distal convolutions 
and collecting tubules were negative. 

In those experiments where an absolute ischemia 
for three or more hours had followed a clamping 
of the renal artery no evidence of heme pigment 
found in the 
severely damaged cells of the proximal convolu- 


heme pigment. irce Fe 


massive 


absorption or degradation was 
tion even when copious infusions of laked cells or 
whole blood had followed the unclamping of the 
artery. The necrotic cells of proximal convolu- 
tions were occasionally tinged a faintly diffuse but 
perceptible yellow, indicating that heme pigment 
in solution had seeped through the dead tubule 
wall, and in such kidneys there were many heme 
pigment casts in ascending limbs, distal convolu- 
tions and collecting tubules that were strongly 
positive to benzidine. It seems therefore reason- 
able to conclude that the extreme structural tubu- 
lar damage, including necrosis, of great stretches 


of proximal convolution had abolished the func- 


tional activity of pigment absorption. As a con- 
sequence of this absence of absorption there 
resulted a negative reaction of the proximal con- 
volutions to the Berlin Blue test which is the in- 
dication of heme pigment degradation. 

In certain experiments where transfusions or 
haemoglobin infusion followed one hour after total 
ischemia from a clamping of the renal artery, 
lengths of proximal convolution remained un- 
damaged at least in the structural sense and yet 
in these structurally intact cells there were ob- 
served only traces of a diffuse positive reaction 
with benzidine and no well formed droplets. In 
the lumen of the lower reaches of the nephron the 
consolidated heme casts were strongly positive. 
As might be expected, no free Fe resulting from 
intracellular pigment degradation was found in 
the cells or lumen of any region of the nephron. 
The cellular damage responsible for this failure 
of cellular activity was invisible to the methods of 
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examination that were available and in this re- 
stricted sense the lesion may be said to be “func- 
tional” (25). 

To summarize: in all the experiments, whether 
the ischemia was the result of clamping the renal 
artery or of reflex renal vascular spasm following 
muscle trauma, heme pigment flowed through 
proximal convolutions and was consolidated into 
casts in the distal nephron. Such pigment at no 
time was intracellular and therefore was not broken 
down to show free Fe. In the experiments where 
the ischemia was the result of the more natural 
and moderate mechanism of reflex vascular spasm 
and where large stretches of proximal convolution 
remained undamaged, absorption of heme pigment 
in droplet form and subsequent degradation to a 
Fe free form was observed. In the more drastic 
and total ischemia following clamping of the renal 
artery where proximal convolutions were ex- 
tensively damaged no absorption of heme pigment 
and consequently no degradation products oc- 
curred. Occasionally proximal convolutions, 
which by present methods of examination appeared 
structurally intact, contained no pigment. 

The experiments therefore supply a morpho- 
logical demonstration of variations in the damage 
that may occur to one of the functions of the ne- 
phron, namely protein absorption. The phe- 
heme pigment metabolism differ 
strikingly in their manifestations even in the rela- 
tively uniform group of experimental animals. It 
is therefore not surprising to note even more 


nomena of 


remarkable variation among the examples of the 
human shock kidneys, where conditions of origin 
and subsequent clinical course were extremely 
varied. The one manifestation previously noted 
by all writers was consistently found in our ma- 
terial; that is, the presence of heme pigment posi- 
tive to benzidine and negative to Berlin Blue test 
in the casts of the distal convolution and collecting 
tubules; it was the rare example where either the 
benzidine or Berlin Blue reaction showed that any 
of this material had been absorbed in the preceding 
proximal convolutions. In only two examples was 
the typical and complete picture of heme pigment 
metabolism present. 
of transfusion reaction following shock after pros- 
tatectomy and the other a case of blackwater fever. 
In both instances not only were the benzidine 
positive casts present in the distal nephron but 


One of these was a case 
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droplets positive to both benzidine and the Berlin 
Blue reaction were seen in the proximal convolu- 
tions in histological section and dissected nephrons 
(Plate 12). 

One case of blackwater fever deserves further 
comment. In histological section the cells of its 
proximal convolutions were distended with large 
droplets that stained heavily with iron haemotoxy- 
lin and benzidine. That this was an exaggerated 
example of the condition was clear from the ap- 
pearance of the kidneys: the formalin-fixed tissues 
of the gross specimen were almost black and in 
sections not only was intracellular and intratubu- 
lar pigment present, but even the interstitial tissue 
as well was impregnated with “formalin  precipi- 
tate’ 
postmortem diffusion may be in part the source 


and benzidine positive haemoglobin. Though 


of this impregnation, excessive quantities of the 
pigment from violently acute intravascular hae- 
molysis might well be expected to appear in the 
interstitial fluid of a kidney, the nephrons of 
which are damaged to the point of physical rup- 
ture. We believe therefore that this case shows 
in visible pigmented form, that leakage of protein- 
containing fluid from the lumens of disrupted 
tubules the significance of which in the production 
of alterations in renal function will receive fur- 
ther attention in our discussion. 

Our experience derived from the study of human 
lesions viewed in the light of the experimental 
findings therefore suggests that though the typical 
phenomena of heme pigment metabolism may 
occur in the shock kidney of man its manifesta- 
tions are usually modified and obscured. — If 
enough pigment reaches the tubular lumen of the 
proximal convolutions over a sufficient period of 
time and if the cells of the proximal convolutions 
have not been too greatly damaged, as they were 
for example in the experimental kidneys where 
the renal artery was clamped, then in addition to 
the distal pigment casts there may be found the 
evidence of tubular absorption of heme pigment 
and protein degradation in the proximal convolu- 
tion. Renal ischemia, which we can now believe 
to be the essential cause of the disruptive tubular 
lesion in man, can therefore, as in the experimental 


animals, quite adequately account for the fune- 


tional failure of absorption in the proximal con- 
volutions as well as for the associated structural 
lesions. 
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AN EXPERIMENTAL EXAMINATION OF THE RELA- 
TION OF TOXIC AND ISCHEMIC DAMAGE IN THE 
KIDNEY OF ACUTE RENAL FAILURE 

The structural characteristic of the kidney in 
fatal Acute Renal Failure that differentiates this 
condition from other nephropathies is found not 
in the location of tubular lesions but in their na- 
ture. We have shown that the Dunn-Gillespie- 
Niven lesion, to which for convenience we have 
given the name of tubulorhexis, occurs at random 
in all parts of the nephron, that it consists of a 
peculiar form of disruption of the entire tubule 
wall and that such randomness and disruptive 
damage can be explained as a result of ischemia. 
These conclusions, drawn from a study of the 
spontaneous lesions seen in man, are confirmed by 
the experimental reproduction by Van Slyke and 
his co-workers of the lesion in dogs by renal 
ischemia resulting from various procedures, in- 
cluding traumatic shock, an admittedly important 
source of the renal disturbance in man. 

It has also been shown that another type of 


tubular damage is frequently found in the human 


kidney of Acute Renal Failure, namely various 
“degenerations” and necrosis of the epithelium of 
the proximal convolutions; these lesions have all 
the structural appearances of the action of a toxic 
agent. 

This confusing combination in a single kidney 
of tubular lesions of such different nature and 
origin constitutes one of the major difficulties in 
current concepts since it lies at the very origin 
of the renal disturbance. The confusion may be 
readily cleared if one accepts what seems to the 
pathologist the obvious solution; namely that in 
certain situations there are two sorts of renal 
damage in the final picture, each due to its own 
mechanism. Renal ischemia, a result of circula- 
tory imbalance or “shock,” might well complicate 
a severe into: ication which has produced its usual 
nephrotoxic effect on the renal tubule and so pro- 
duce in addition the random tubulorhextic lesions 
that characterize the full-blown kidney damage 
that is seen in certain examples of fatal Acute 
Failure. 


Renal The drinking of an anti-freeze 


compound, or any other renal poison, would 
therefore bear the same relation to the final renal 
status as does a traumatic crush accident, the con- 
vulsions of eclampsia or a transfusion mishap. 


sv this concept the difference between Acute 
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Renal Failure following poisoning and that re- 
sulting from the effects of traumatic injury and 
shock would lie in the fact that in the case of 
poisoning the effects of two renal insults are pres- 
ent rather than one. 

This conclusion arising from the structural as- 
pect of the lesion is in fact supported by the results 
of the clinical-functional study of the disturbances 
that 
conclude with the suggestion by the investigator 


observed in certain chemical intoxications 


that there may be some combination of the effects 


of specific nephropathic action and ischemia. 


Sirota 
tetrachloride intoxication and Marshall and Hoff- 


26), for example, in his study of carbon 


man (27) so interpret the results of their studies 
by clearance methods. 

If it is difficult or at present impossible to dis- 
tinguish such pathogenetic minutiae in the com- 
plexity of the clinical case, it should be possible to 
demonstrate these distinctions under experimental 
Certain nephrotoxic substances pro- 
duce, under proper conditions, exquisitely localized 
It was shown in 1912 by Susuki 


conditions. 


tubular damage. 
(14) that uranium caused tubular necrosis in the 
middle third of the proximal convolution and not 
elsewhere, and this finding, a difficult if not pre- 
carious conclusion on the evidence available in 
histological sections, was confirmed by micro- 
dissection of complete nephrons by the senior 
author in 1915 (28). 

Any morphologist who has been practically 
concerned with the study in histological sections 
of considerable numbers of animals poisoned with 
uranium or any other heavy metal has doubtless 
had the experience of seeing tubular lesions which, 
though obviously predominant in the proximal 
convolution, seem at times to involve other por- 
tions of the nephron ; the ascending limb of Henle’s 
loop, for example. Appreciating the difficulty or 
impossibility of exact orientation in sections, such 
apparent discrepancies are usually passed without 
comment, but do leave a certain scepticism in the 
mind of the observer as to the exactness of Sus- 
uki’s description. It will now be shown that under 
some circumstances there is real cause for doubt; 
other parts of the nephron besides the proximal 
convolution can be seen to be damaged in dis- 
sected specimens. Moreover it will be shown by 
visual demonstration that in these kidnevs there 
existed at some time prior to the sacrifice of the 
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animal a patchy ischemia and that in dissected ne- 
phrons two sorts of lesions are found; first, the 


distinctive nephrotoxic damage in the proximal 
convolutions of all nephrons and secondly, ran- 
dom tubulorhextic disruption in various and in- 
discriminate parts of some. 

In the following experiments a functional dis- 
turbance in the renal vascular bed was produced 
in addition to the nephrotoxic tubular lesion by 
means of large doses of toxic agents. The effect 
on the vascular system in the kidney was directly 
observed at varying periods of the intoxication by 
the method of Schlegel (2) that we have previously 
mentioned. 

A series of 65 animals were used in the visualiz- 
ation of the renal circulation, 20 as controls to 
establish the constancy of the normal pattern and 
45 that 
nephrotoxic poisons: 


were given the following well-known 
uranyl nitrate, potassium 
bichromate, corrosive sublimate, carbon tetra- 
chloride, sodium potassium tartrate and di-ethy- 
lene glycol. 

The procedure of vascular visualization was the 
same in all experiments. The animal was placed 
under Dial anesthesia, the abdomen opened and 
then closed by clamps so that the kidneys could 
After a 


one-half hour interval, 1.0 cc. of 4 per cent 


be removed in a matter of a few seconds. 


thioflavin S solution per kilo was injected into the 
ear vein in a three second period, one renal artery 
clamped and the kidney removed at a measured 
time interval of six to eight seconds from the be- 
ginning of the injection. Free hand slices, both 
sagittal and longitudinal, were immersed in glyc- 
erin and observed with a binocular microscope 
under incident Wood's light at a magnification of 
tole 

The pattern seen in the normal animal is re- 
markably constant (Plate 37A). All the glomer- 
uli throughout the cortex are evenly and brilliantly 
illuminated and no dark glomeruli that did not 
receive the dye by way of the circulating blood are 
evident. The cortical background of tubules is 
faintly illumined by the natural fluorescence of the 
renal tissue and by the small amount of dye which 
has diffused out of the vessels. The intensity of 
the relative contrast between vessels and glomer- 
uli and background tissue therefore depends on 
avoiding this diffusion; hence the need of speed 
in removing the kidney as soon as the blood has 
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fully perfused the organ. It may be recalled that 
the circulation time in the rabbit is of the order of 
7.0 seconds so that three seconds is ample time 
to accomplish the optimal visual effect. 

On the faintly fluorescent background of the cor- 
tex are seen the brilliantly illuminated sections of 
the arterial tree as the chance cut of the razor has 
exposed them; large branches of the renal artery, 
“arcuate” arteries, and interlobulars with, in the 
fortunate section, appended delicate afferent ves- 
sels and glomeruli and, less clearly, the irregular 
plexus of intertubular capillaries and venules. In 
the medulla a brighter zone of primary tissue- 
fluorescence is present in which lie more brilliant 
efferent capillaries from the cortex. For a more 
detailed description of this functional-anatomical 
presentation of the renal circulation the reader is 
referred to the studies of Schlegel and Moses 

The general appearance of the renal circulation 
to 70 hours after the ad- 


at periods from 31% 
ministration of the poisons was relatively similar. 
All showed in varying degree the pattern of an ir- 
regular cortical ischemia. 

Plate 37B shows the kidney 19 hours after the 
subcutaneous injection of 400 mg. per kilo of 
sodium potassium tartrate. There is an extreme 
ischemia with an irregular area to the left where 
considerable blood and dye have reached the glo- 
meruli; in this area diffusion through the vessel 
walls is pronounced. 

In Plate 38A is shown the vascular pattern 414 
hours after the intravenous injection of 24 mg. of 
corrosive sublimate per kilo. On the greyish, 
natural fluorescence of the renal cortex only a few 
scattered, irregularly illuminated glomeruli and 
arteries 
into 


smaller renal 
(38B) 


cut branches of the are 


seen. The second kidney which 


5 The pattern of the renal circulation displayed by this 
technique which depends solely on the functional forces 
that operate under physiological conditions is strikingly 
different from that produced by the artificial injection 
under pressure of various substances that hitherto have 
been the main source of our visual impressions of the 
nature of the renal circulation. No matter how carefully 
selected the injection 
regulated the pressure, it is apparent that the distended, 
capillaries and glomeruli 


material and how meticulously 
tortuously obese appearance of 
which forms the subconscious basis of our present con- 
cept of the renal circulatory bed is an artifact that is 
never simulated under living conditions. 
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blood was deflected by the clamping of the op- 
posite renal artery and which therefore had re- 
ceived blood for a period three times as long as 
the first, thus allowing the accumulation of more 
dye in the vessel wall, shows more and brighter 
glomeruli and vessels but a comparison with the 
even pattern of the normal kidney (Plate 37A) 
which received dye over a lesser period, indicates 
that there is a persistence of irregular areas of 
cortical ischemia where no glomeruli are evident. 

In Plate 39A, uranyl nitrate, 40 mg. intrave- 
nously per kilo after 70 hours, an irregular area of 
dark ischemia is seen in the center of the cortex. 
Plate 39B shows the kidney 19 hours after an intra- 
venous injection of 30 mg. per kilo of potassium 
bichromate. The ischemia of the cortex is obvious. 

Plate 40A shows the kidney removed on the 
second day after two subcutaneous injections of 
4.0 ce. tetrachloride; in’ Plate 40B the 
kidney after a 24 hour period in which the animal 


carbon 


took ad lib. 5 per cent di-ethylene glycol in his 
drinking water. In both the irregular pattern of 
cortical ischemia is evident. 

A visualization of the renal vessels at various 
periods after the administration and during the 
action of nephrotoxic agents leaves no doubt that 
over an extended time there is an irregularly dis- 
tributed disturbance in blood flow through the 
renal cortex. A comparison of the resulting vas- 
cular pattern with that which Schlegel and Moses 
(21) have demonstrated to follow the injection 
of adrenalin, a form of renal ischemia concerning 
whose mechanism of origin we have more in- 
formation, allows certain speculative interpreta- 
tions in regard to the situation that obtains in the 
cortical ischemias following renal poisons. 

As Schlegel and Moses have shown, and as 
might be expected from our pharmacological 
knowledge of its mode of action, the renal ischemia 
of adrenalin action is abrupt in onset, intense in 
degree and relatively short in duration. In com- 
bination with the apparent irregularity of its 
action on the terminal branches of the renal ar- 
terial bed, these factors produce temporarily 
patches of almost bloodless cortical tissue in which, 
at times, can be seen totally ischemic glomeruli. 
There is also an apparent decrease in blood flow 
through the medulla. Such is the picture that 


might be expected to follow a sudden, complete, 
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but evanescent spasm of small arteries, presumably 
chiefly interlobulars and glomerulus afferents. 
Judging from the appearance of the toxic ische- 
mic vascular pattern it would seem that the ische- 
mia, though equally irregular in its distribution, is 
less absolute; a few shrunken, 7.e., not fully irri- 
gated, dimly illuminated glomeruli are scattered 
throughout the relatively bloodless regions giving 
an appearance that suggests that a mere trickle of 
dye-containing blood had been flowing in the in- 
volved areas. This impression is strengthened by 
the appearance of the second kidney, if it is re- 
moved and examined after a period of dye- 
containing blood flow two to three times as long 
as that which had occurred in the first kidney : 
more glomeruli and vessels are seen to be fluor- 
escent, though there still is nothing comparable to 
the even, bright pattern of the normal animal. 
Evidently the dye can accumulate in the wall of 
the vessel with time even with a considerable re- 
Avother effect that results 
in a somewhat different picture of toxic cortical 
ischemia from that seen after the action of adrena- 
lin is possibly due to damage to the vessel wall and 


duction of blood flow. 


an increased diffusion of the dye into the cortical 
tissue. 

The similarities and differences between the 
two patterns of vascular disturbance show there- 
fore that in the case of severe nephrotoxic poison- 
ing there is a long-continued, irregularly dis- 
tributed ischemia of the renal cortex, a potential 
cause, as the Van Slyke-Phillips experiments 
demonstrated, of irregularly scattered disruptive 
tubulorhextic the 
phrons from the kidneys of the animals of our ex- 


lesions. Dissections of ne- 
periments show that, besides the lesions in proxi- 
mal convolutions due to the poison, the random 
disruptive lesions are in fact present. 

There was considerable variation in the degree 
of damage noted in the kidneys from the individ- 
ual experiments; in some the nephrotoxic lesion 
limited to the proximal convolution alone was 
evident and the remainder of the nephron was 
normal except that the lumens of the ascending 
distal convolutions filled with 
The epithelium of 


limbs and were 
epithelial debris and casts. 


these latter segments though compressed showed 


well preserved nuclei and even a normal mito- 


chondrial pattern. In other animals, however, in 
which a well developed ischemic pattern had been 


— 
oh. 


PATHOGENESIS OF ACUTE RENAL FAILURE—THE 


demonstrated in the renal cortex there were found 
typical tubulorhextic disruptions occurring in all 
parts of the nephron including the proximal con- 
volutions. 

In Plate 41 is seen a proximal convolution from 
rabbit 60 which had received 0.4 gm. of sodium 
potassium tartrate per kilo subcutaneously and 
which was killed 19 hours later. The ischemic 
pattern in this animal is shown in Plate 37B. It 
will be noted that in the first few coils of the con- 
volution the nuclei may be faintly seen in the 
heavily stained cytoplasm of the intact epithelium ; 
from this point onward the tubule is swollen and 
the necrotic epithelial cells have disintegrated into 
cellular debris. This lesion is that of typical 
nephrotoxic damage: at A, however, the base- 
ment membrane is ruptured and a short seg- 
ment of tubule shows the tubulorhextic lesion. 
Similar disruptive lesions are found in the ascend- 
ing limbs of Henle’s loop and in the distal con- 
volution. Plate 4+2A from another animal which 
received the same dosage and was killed on the 
second day shows an extreme form of the lesion, 
the 
throughout and, in the right descending portion of 
the illustration, disruption. 

In Plates 42B and 43A are shown distal con- 
volutions and ascending limbs of two rabbits 


with dissolution of basement membrane 


which had been given 40 mg. of uranyl nitrate per 
kilo intravenously and killed 70 hours later. The 
visualized ischemic pattern of the cortex of Plate 
42B is shown in Plate 39A. 


volutions of both these animals showed extensive 


The proximal con- 


nephrotoxic damage with the typical specific lo- 
calization in their middle and terminal portions. 
It will be noticed that the disruption of the tubule 
wall involves only short segments in both ex- 
amples and that there is no evidence of a diffuse 
nephrotoxic necrosis in the remaining portions. 

Plate 42C and D are from a rabbit that was 
given 15 mg. per kilo of corrosive sublimate and 
killed The pattern of cortical 
ischemia is seen in Plate 388A and B. The prox- 
imal convolutions showed typical nephrotoxic 
damage in the middle and terminal portions. The 
short segment of disruptive tubulorhexis at the 


18 hours later. 


junction of ascending limb and distal convolution 
is clearly evident, while in both preparations the 
normal appearance of the distal convolution indi- 
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cates that there was no general toxic involvement 
of its epithelium. 

The disruptive effect of ischemia occurring in 
di-ethylene glycol poisoning in rabbits which had 
taken ad /ib. this toxic agent in 5 per cent solution 
in their drinking water for five and seven days is 
seen in Plate 43B and C and Plate 42E. 
of slight degree and moderate extent are shown in 
plates 42E and 43B ; note the normal nuclei in both 
ascending limb and distal convolution except 
where the ischemic disruptive lesion has occurred. 
In Plate 43C there and extreme 
damage with dissolution of the basement mem- 
brane and destruction of epithelium throughout 


Lesions 


is extensive 


two greatly swollen ascending limbs and distal 


convolutions from another animal which had taken 
the poison for seven days. Disruption has oc- 
curred where the two distals are adherent and 
there is a large collection of black stained debris 
The patchy cortical ischemia of a 
The ne- 


at this point. 
similar animal is shown in Plate 40B. 
phrons of all these animals showed an extensive 
nephrotoxic necrosis in the terminal half of the 
proximal convolution, this portion being greatly 
swollen ; even the typical vacuolated appearance of 
the necrotic epithelium is evident (Plate 44). 
There is no disruptive ischemic lesion in this 
proximal convolution but others showed irreg- 
ularly scattered segments of tubulorhenis. 

In Plate 43D the disruptive lesions associated 
with the cortical ischemia (Plate 40A) that fol- 
lowed 48 hours after subcutaneous injection of 4 
cc. per kilo of carbon tetrachloride are illustrated. 
The areas of tubular damage are quite small and 
localized and complete disruption of the tubule 
wall has not resulted. The proximal convolutions 
showed a typical nephrotoxic necrosis of the 
epithelium of their terminal portion. 

In summary, the lesions seen in the kidneys of 
the experimental animals poisoned with various 
nephrotoxic agents all showed the typical in- 
volvement of the proximal convolution that is 
characteristic of this group of substances. Fig- 
ure 9 shows camera lucida tracings of nephrons 
with the localization of nephrotoxic damage from 
various poisons.® In other kidneys in which the 


6 It should be emphasized that the production of exact 
differences in localization of the tesion demands careful 
experimental control for their demonstration: if too large 
a dose is given the area of damage tends to spread 
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Fic. Locatization oF NeEpHROTOXIC DAMAGE IN THE PROXIMAL CONVOLUTION IN VARIOUS 


FORMS OF 
PoOIsONING 


1, Potassium bichromate; 2, uranyl nitrate; 3, corrosive sublimate; 4, sodium potassium tartrate; 5, po 
tassium chlorate; 6, di-ethylene glycol; 7, carbon tetrachloride ; 8, mushroom poisoning ; 9, serine; 10, sulfona- 
mides. The necrotizing effect of moderate doses is shown by black areas; with large doses the area of 
localization tends to spread and there is the further complication of an ischemuric episode with the develop- 
ment of disruptive tubular lesions. Magnification 20 . 
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Schlegel technique had demonstrated that there 
had existed an irregular and patchy cortical 
ischemia, the disruptive lesions of ischemic dam- 
age were found scattered at random throughout 
the length of the nephrons. 

The experimental method, by its opportunities 
for control in dosage and consequent damage, 
allowed the demonstration of early forms of these 
ischemic lesions; Plate 42C, D and E and Plate 
43B and D, for example, show short, limited 
areas of tubule swelling and basement membrane 
dissolution in stretches of tubule, the epithelial 
cells of which are generally normal. The simi- 
larity of these early lesions to those produced in 
the Van Slyke-Phillips experiments by purely 
ischemic insult in which no toxic substance was 
concerned (Plates 30 and 32) is striking evidence 
of a different manner of origin of the scattered 
tubulorhextic lesions from that of the nephrotoxic 
damage in the proximal convolutions. In our ex- 
perimental procedure the only factor introduced 
to cause a disturbance in renal blood flow was the 
use of large doses of the toxic elements for this 
was adequate to establish the point of our argu- 
ment. It that if the 
other complicating factors, such as dehydration, 
‘shock’ that accompany 
fatal human poisoning, had been reproduced in the 


seems certain, however, 


vomiting, colitis and even 


experiment, then the renal lesions in the animals 


along the course of the tubule until in the end the greater 
part or all of the proximal convolution is affected and the 
selectivity of the toxic action is lost. There is also, as 
we have just shown, the complication of renal ischemic 
damage that accompanies the graver intoxications and 
this may occur in the proximal convolution as well as 
elsewhere and so disturb the pattern of the specific lesion. 
The selective localization of the action of various toxic 
agents, as observed in the experimental animal, does not 
therefore, as we have seen in our dissections, commonly 
occur in human poisoning, but it has nevertheless con- 
siderable theoretical importance in regard to the recog- 
nition of differences in the seat of functional activities 
in the proximal convolution (29). The only confirma- 
tions by dissection of Susuki’s original conclusions, which 
were drawn from the study of histological sections with 
which we are familiar, are in the case of uranium (28) 
and corrosive sublimate (15). During past years a con- 
siderable number of other poisons have been studied in 
this laboratory and these findings are shown in Figure 9. 
This is not a diagrammatic, i.e., interpretive presentation, 
but shows camera lucida outline tracings of actual ne- 
phrons with the area of nephrotoxic damage indicated by 
cross hatching. 
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would have departed as far from the classical de- 
scription of the effects of toxic substances as did 
those of the human cases of poisoning which we 


have previously described. 


SUMMARY, REITERATION, AND SPECULATION 


It is clear that what has been revealed by this 
investigation, both in its examination of the struc- 
tural status of the human kidneys and by its ex- 
perimental procedures, does not lead to a con- 
firmation of the currently prevailing concept of 
a “kidney disease” the “unique” pathological char- 
acteristics of which can be described as “lower 
nephron nephrosis,” for the lesions in the kidney 
are not peculiar to or localized in any portion of 
the nephron and their diverse character would 
seem to strain even the meaningless embrace of 


Nor 


are our findings compatible with the present 


that most tolerant of terms, “nephrosis.” 


theories of this curious malady, the pathogenesis 


7 The term “haemoglobinuric nephrosis” is equally un- 


satisfactory, for it can hardly be used to apply to the 
whole group (Acute Renal Failure associated with trau- 
matic and toxic injury) since in many examples hac- 
moglobin is not concerned at all in the lesion. Even in 
those in which heme pigments are found either in casts 
or in the renal cells it is doubtful that they play any part 
as a “toxic factor” in the production of the characteristic 
tubular lesions. We have shown that the cells of the 
tubule are well preserved in the presence of deposits of 
heme pigments either free or in casts and that it is only 
coincidentally that lesions and pigments are found to- 
gether. Extensive experimental evidence indicates that 
in any moderate amount haemoglobin does not damage 
the nephron: it is in fact used experimentally as a meas- 
ure of glomerular permeability and does not sufficiently 
disturb renal function to interfere with the use of clear- 
ance methods. Its appearance in the cells of the proxi- 
mal convolution in droplet form is a special case of the 
normal activity of these cells in absorbing protein from 
the tubule fluid and digesting it (9). In the case of 
haemoglobin this metabolic activity is indicated by the 
It is true that, 
as in all digestive processes, an over-loading of the mech- 


appearance of free Fe in the renal cells. 


anisms can produce indigestion with resulting transient 
ill effects on the digestive organs, in this case the renal 
cells. A similar indigestion of serum proteins with the 
development of cellular abnormalities, hyaline droplets, 
occurs in the nephrotic syndrome of chronic glomerular 
nephritis, but these tubular alterations are entirely dif- 
ferent in character from those which we have been con- 
sidering. It is also true that too-bountifully a good meal 
has its ill effects, but one would hesitate to designate this 
not unpleasant temporary discomfort as a “disease” of 
the stomach. 
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of which fits no functional or anatomical pattern 
known to the kidney and whose “cause” is sought 
in toxic factors such as heme pigments or among 
less determinate entities such as “products of 
traumatized tissue,” “electrolyte imbalance” and 
even “allergies.” 

And yet amidst all this elaboration of hypo- 
thesis and semantic confusion the syndrome does 
stand clearly outlined as the most important of 
the acute disturbances of the urinary system. 
This place it maintains not only by the frequency 
of its occurrence and the gravity of its ultimate 
effects, but more importantly by the remarkably 
protean aspect of its origin: it would seem that 
almost situation—trauma, malarial 


any clinical 


infection, obstetrical accident, transfusion reac- 


tion, postoperative complication or intoxication— 
may end with its manifestations of renal failure. 
There must be, therefore, some pathogenetic unity 


behind this screen of functional, pathological and 


clinical diversity. 

Dr. Homer Smith solves the nosological puzzle 
by bringing all Acute Renal Failure-together in 
Chapter XXIV of his recent monograph (1), and 
it is evident that from the functional viewpoint a 
most reasonable unity results. But the question 
may arise if the job has been completely finished. 
for a morphologist will be disturbed to note that 
the chapter begins with a consideration of the 
kidney in sublimate poisoning and ends with the 
“crush kidney,” and from what he knows of the 
structural changes that occur in these two con- 
ditions, the squeezing of any two such “entities” 
into one pigeon-hole may seem a unification of di- 
versity attained only by considerable Procrustean 
violence. As he sees quite different structural ef- 
fects, he will suspect different pathogenetic causes ; 
the sublimate kidney seems obviously the result 
of a toxic factor while the functional data stress 
the importance of some disturbance of renal blood 
flow in the “crush kidney. 


” 


Though in the last 
analysis toxic and ischemic damage may, as in- 
terferences with cellular respiration, be similar, at 
the more immediately accessible level of their 
mechanisms they seem quite different, a difference 
indeed that might determine such very practical 
matters as prognosis and manner of treatment. 
And so a morphologist justifiably might be doubly 
perplexed to find not only one but both of his 
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conceptual progeny in this galley of Acute Renal 
Failure. 

Functionally the two examples of the renal 
lesion are similar, for clearly the kidneys of both 
sorts have “failed,” but this is not enough. Struc- 
turally they are different; again apparently the 
all-too frequent dichotomy of the functional and 
structural approach. Believing that the best way 
to solve a dilemma is to avoid it, we suggest, at the 
hazard of considerable reiteration, that the situ- 
ation be reviewed from the beginning and, quite 
naturally, that the start be made from the struc- 
tural standpoint. 

The common structural lesion in all members 
of the group of Acute Renal Failure is tubular 
damage, and if a name be required, they may all 
be said to be examples of a “tubular nephropathy.” 
This is not to assume that the glomeruli are en- 
tirely normal; proteinuria and consequent cast 
formation are clear evidence that the filters are 
leaking, an abnormality which must be structural 
in mechanisms which to present 
methods of observation. For this practical reason 


are invisible 


only we suggest the use of the tubular aspect of 


“ 


the renal lesions as the “structural characteristic” 
of the pathological entity. 

When the tubules of the nephrons from a large 
number of examples of this group of varied clini- 
cal origin are examined by a method which ade- 
quately displays not only the cytological lesion but 
the topographical continuity of the nephron, it 
becomes apparent that there are two quite dif- 
ferent sorts of tubular damage. 

One sort of tubular damage is the well-known 
nephrotoxic lesion that results when some poison 
in the blood stream is distributed evenly and 
equally to every nephron of the two kidneys. 
Like many foreign substances, it is filtered through 
the glomerulus and absorbed by the cells of every 
proximal convolution. A considerable intracel- 
lular concentration above what exists in the cir- 
culating blood is thereby established and the renal 
cells die. The basement membrane is not visibly 
affected in this lesion nor are the epithelial cells 
of the other portions of the nephron; both escape 
because in regard to the toxic substances they are 
functionless. The tubule lumen below the site of 
actual damage may be filled with the products of 
both the glomerular lesion, that is, coagulated pro- 
tein in the form of casts, and epithelial destruction. 
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The other sort of tubular lesion, first recognized 
by Dunn, Gillespie and Niven in the “crush kid- 
ney” and thought by many to be peculiar to the 
“lower nephron,” is in almost every way the 
antithesis of the nephrotoxic tubular lesion. Its 
distribution within the kidneys is entirely ran- 
dom; some nephrons, often in groups, are in- 
volved while others are free of it. Within the 
nephron any portion may be the seat of damage, 
from the origin of the tubule at the glomerulus to 
the collecting tubule. One of the most frequent 
sites is the second half of the proximal convolution 
which extends into the outer medulla and in his- 
tological section is easily confused with the as- 
cending distal limb of Henle’s loop. 

The lesions themselves differ strikingly in 
their appearance from what is seen in the nephro- 
toxic lesion. Rarely is any whole segment of the 
nephron affected ; there may be only a short stretch 
of tubule or a series of isolated spots that lie 
distributed over several anatomically and func- 
tionally different divisions of the nephron. In 
these areas the entire tubule wall is affected, in- 
cluding the basement membrane, which may be 
broken with its remnants still visible or thinned to 
a barely perceptible sheet or completely disinte- 
grated. The epithelium within it is dead and 
desquamated so that the result is a disruption of 
the continuity of the tubule. From this character- 
istic the term “disruptive” or “tubulorhextic” has 
been suggested to distinguish it from the nephro- 
toxic tubular lesion. 

If casts are present at the site of the disruptive 
lesion, and they often are not, they may extrude 
from the gaping hole in the tubule. 
tertubular connective tissue in the vicinity of the 
rupture there commonly occurs an inflammatory 
reaction with leucocytic infiltration and the forma- 
tion of inflammatory granulation tissue which ex- 
tends by growth into the lumen of the disrupted 
tubule ; if larger vessels are present “tubulo-venous 


In the in- 


anastomoses” may form. 

If one wishes to speculate as to the origin and 
cause of a lesion of this sort on the basis of the 
purely morphological data, a procedure that was 
necessary in the earlier stages of this investigation, 
it certainly is quite clear from what is known of 
the functional and anatomical pattern of the kid- 
ney that no such damage can conceivably be the 
result of a poison reaching the nephrons by the 
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blood stream. This conclusion disposes of a 
vast amount of speculative hypothetical possi- 
bility, such as an origin resulting from “toxic 
products of tissue damage.” <A great deal more 
will have to be said about the part that toxic dam- 
age may play in the group of Acute Renal Fail- 
ure, it is true, but in our immediate and restricted 
problem, the cause of the disruptive tubular lesion, 
we can be reasonably satisfied that this element is 
eliminated. 

Another considerable simplification in the de- 
cision as to possible causal factors results from the 
observation of casts, pigment and debris deposits 
in the continuity of the dissected nephrons for 
these objects have a much greater extent and 
complexity than is suggested by their appearance 
in histological sections. It is readily seen in the 
dissected nephrons, for example, that extensive 
deposits of extraordinary length of heme pigment 
and thick casts, either containing or free of heme 
pigment, may distend ascending limbs, distal con- 
volutions and connecting tubules and yet a com- 
pletely intact tubular wall persist in which both 
the renal epithelial cells and basement membrane, 
though thinned perhaps by tension, are not other- 
wise damaged. Moreover casts and pigment de- 
posits are extremely uncommon in the proximal 
convolution where disruption is frequent. In 
some instances it is true that casts or pigment de- 
posits coincide with tubular disruption, but the 
more frequent negative evidence precludes any 
possibility of a causal relation. 

There remains as a causal factor to be consid- 


ered, the phenomenon of reduced renal blood flow 
which, as Dr. Smith’s chapter emphasizes, ac- 
companies so many of the renal disturbances of 
This factor would be equally in- 


this group. 
credible if the current concept of a lesion unique 
in its localization to the lower nephron were true, 
but a morphologist would be quick to seize upon 
the factor of renal ischemia as a likely cause of 
scattered and random lesions in the kidney for he 
has seen many such examples of cause and effect 
in other tissues and organs. Moreover this con- 
clusion from his general experience is made more 
certain by the visualization of the mechanisms and 
patterns of renal ischemia by Schlegel and Moses 
whose technique allows an objective and exact 
morphological view of the exact status of the renal 
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blood flow at any given moment and under any 


particular condition. 

One of the most important contributions of 
this technique is the demonstration of the re- 
markable patchiness of renal ischemia; in the ex- 
perimental conditions which we have examined 
there is rarely an over-all, even reduction of flow 
through the vascular bed; some areas are blood- 
less, others appear congested. In viewing this 
total pattern one might wonder if there had been 
much if any reduction in total renal blood flow 
but rather if there had not occurred only an ir- 
blood within the 
The implications of this pos- 


regular distribution of flow 


cortical tissue.* 
sibility are of considerable importance both to the 
morphologist and the functionalist. To the former 
it explains the peculiar random distribution of the 
lesions he sees in the nephrons and to the latter 
it may bring further complications in his interpre- 
tation of the significance of “clearances” in the 
pathological kidney for it would appear that some 
nephrons or even parts of nephrons can be blood- 
less while others are irrigated with an excess and 
yet the total blood flow may be approximately 
normal. uranium poisoning, tor example, 
clearance methods indicate a normal renal blood 
flow (1), yet Plate 39A shows a definite, irregu- 
lar cortical ischemia. 

All this preliminary spade work of a priori 
evidence and speculation as to the part that might 
be played by renal ischemia in the production of 
disruptive tubular lesions may well seem to have 
been a labour of supererogation when we come at 


8 In the cortical ischemia following the administration 
of toxic substances we have never seen a pattern sug- 
gesting a deflection or shunt of blood from an anemic cor- 
tex to the medulla. the production 
of the Truetta phenomenon, it might be said in passing 


In this regard, 


that the normal anatomical configuration of the circula- 
tory bed in the kidney is such that any drop in the pres- 
sure head in the larger distributing arteries (interlobar 
or arcuate) will automatically result in a cessation of 
flow at the the terminal 
branches of the interlobular arteries and so produce a 


periphery of the system, ic., 


zone of sub-capsular ischemia which, as the pressure 
further falls, will 
medulla. 


head spread downwards toward the 

The medulla may thus continue to receive blood from 
the efferents of the juxta-medullary glomeruli at a time 
Such a maldistribu- 
tion of blood is not a shunt, but only the 


when the cortex is largely ischemic. 
final stage in 
the persistance of the failing circulation. 
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AND ANN TRACY 
last to the actuality of its experimental production 
by Van Slyke, Phillips and their co-workers. 
In anatomical material from delicately balanced 
experiments where the operative margin between 
too much and too little must have been peculiarly 
precarious, our dissections have shown that they 
produced the typical disruptive lesions both by 
direct ischemia following clamping the renal artery 
of dogs and by that which follows reflex renal 
vasomotor constriction associated with muscular 
trauma. This demonstration, with the extensive 
functional evidence which they have produced, 
would seem to settle the question as to what is 
the cause of the disruptive tubular lesion in the 
kidney of shock. Besides this, the chief contribu- 
tion of their experiments, there are certain sub- 
sidiary evidences of considerable value. 

For example, many attempts have been made to 
reproduce the “crush kidney” by clamping the 
The Van 


Slyke-Phillips kidneys show clearly in the large 


renal artery with dubious success. 
series of their experiments every degree of renal 
damage from what might be called an infarction 
of the kidney to the typical, scattered lesions of 
disruptive tubular damage in isolated nephrons. 
Iexactly the right degree, both in duration and ex- 
tent, of renal ischemia is required to produce the 
distinctive, disruptive lesions of the shock kidney. 
Moreover earlier investigators were discouraged 
in their attempts by finding involvement of the 
proximal convolution when the key lesion they 
were seeking was presumably confined to the 
“lower nephron.” They could not reproduce the 


“unique” lesion which does not and, from the 
structural and functional pattern of the kidney, 
could not exist. 

Another finding of considerable importance in 
the experimental material was the observation that 
in tubules containing well developed disruptive 
lesions as a result of the renal ischemia that fol- 
lowed muscle 


where heme pigments were excreted into the 


extensive traumatization of and 
tubule lumen, absorbed by the epithelium of the 


proximal convolution and also deposited un- 
changed in cast form in the distal convolution, 
there was no structural evidence of toxic injury 
to the renal cells, even to those which were con- 
tiguous to the points of tubular disruption. 

The most sensitive morphological criterion of 


toxic damage to the renal epithelium requires im- 


4 
ab 
: 
> 
aa . 
- 
4 
§ 
{ 


PATHOGENESIS OF ACUTE RENAL 
mediate and perfect fixation of the tissues and 
so it cannot be applied to human autopsy material. 
This evidence of a toxic lesion consists in a dis- 
solution of the mitochondrial rodlets of renal cells, 
yet in the experimental material these structures 
were found well preserved throughout proximal 
convoluted tubules that contained extensive dis- 
ruptive lesions of ischemia. ‘To the morphologist 
this seems proof that neither products of the 
muscle injury nor the heme pigments could have 
had even a minimal toxic effect on the tubules of 
these experimental “crush” kidneys. 

Though such refined cytological evidence is 
unavailable in human kidneys from autopsy, the 
general tenor of the argument would seem to indi- 
cate with reasonable certitude the pathogenesis of 
one member of the group of Acute Renal Failure, 
namely the “crush kidney” of traumatic injury: 
the structural lesion is characterized by the dis- 
ruptive tubular type of damage with no nephro- 
toxic tubular damage and renal ischemia con- 
comitant with or a sequel to the syndrome of 
circulatory collapse or general shock is the reason 
for its occurrence.” 

To return now to Dr. Smith's category of Acute 
Renal Failure, it is found that the “crush kidney” 
comes at the end of a series, the first of which is 
the renal disturbance produced by uranium poison- 
ing; between the two are distributed functional 
disturbances that result from the most varied of 
clinical conditions. Regarded purely on the basis 
of their structural status no more apposite serial 
arrangement of the members of the group could be 
made by the morphologist, for the uranium kidney 
in its simpler form seems far removed from the 
“crush kidney,” its tubular lesions being by classic 
description of the nephrotoxic sort with no evi- 
dence of involvement of anything but the proximal 
convolutions and with no disruptive tubular dam- 
age. 

When two structural lesions are antithetical it 
might be contended that they can hardly be com- 
patible members of the same pathogenic group 
and that at last the much desired correlation of 
our structural-functional data has broken down. 


®*In the crush syndrome of man it is of course con- 
ceivable that the vasomotor spasm which is the “cause” 
of the ischemia might be the result of a poison acting 


of the 
conditions 


on the arteries and arterioles. The “cause” 
epithelial lesion under these hypothetical 
would remain, however, the ischemia. 
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But on considered thought and in the light of what 
we have seen in the sublimate kidney of man, the 
discrepancy is not so real as would appear and it 
arises only because two very different circum- 
stances of renal insult have been compared, 
namely one that arises spontaneously under stress 
in man and another that is produced experi- 
mentally in the laboratory animal under carefully 
controlled conditions. 

When a man is poisoned in the course of nat- 
ural circumstance, by corrosive sublimate for ex- 
ample, in a dosage of uncontrolled amount and 
passes through periods of excitement and de- 
pression, of vomiting and dehydration, of violent 
nteritis and exhausting diarrhea that end in a 
state of circulatory collapse, what has occurred to 
him as a living organism is very different from 
what has happened in a rabbit which has been 
given moderate intravenous injection of the same 
substance and which passes quietly and ostensibly 
without clinical symptoms or disturbances into 
renal failure. It is therefore not surprising that 
the lesions in the human kidneys are not examples 
of simple nephrotoxic damage, but that there are 
also present, as evidences of circulatory disturb- 
ances, the disruptive tubular lesions of ischemia. 
We have shown that this is also true in the kidneys 
of rabbits that have received large doses of ne- 
phrotoxic poisons and have demonstrated by vis- 
ualization of the renal circulation that during the 
course of these severe intoxications periods of 
renal ischemia occur which might reasonably ac- 
count for the mixed nature of the tubular lesions. 

To put the varied possibilities in much over- 
simplified case form, an individual may therefore 
suffer Acute Renal Failure under the following 
circumstances : 

1. Crushing injury—shock—renal ischemia— 
random disruptive tubular damage—anuria—ure- 
mia—death. 

2. Anti-freeze or sublimate intoxication—dif- 
fuse nephrotoxic proximal damage—dehydration, 
K poisoning, enteritis, diarrhea—circulatory col- 
lapse—renal ischemia—random disruptive tubular 
lesions—anuria—uremia—death. 

3. Moderate nephrotoxic 
proximal damage—oliguria or temporary anuria— 
regeneration—recovery. 


poisoning—diffuse 


This last group is obviously a theoretical in- 
stance for the pathologist for even in the classical 
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and “purest” example of nephrotoxic damage, the 
sublimate kidney, all fatal cases showed the effects 
of ischemia by the presence of disruptive tubular 
damage. It is one, however, which he can accept 
by analogy from his experimental experience and 
that of his clinical confreres. 

By this concept unity of pathogenesis is ob- 
tained in both the structural and functional as- 
pects of a renal syndrome that seems at first glance 
to be a bewildering clinical congeries of placental 
separations, transfusion accidents, traumatic or 
surgical shock of varied origin, malarial infections 
and diverse intoxications from “anti-freeze” in- 
dulgence to sulfonamide therapy. 

The unifying element in this heterogeneous 
complex, Acute Kenal Failure, is renal ischemia, 
for under whatever clinical ¢ircumstance renal 
ischemia may develop, there the disruptive tubular 
lesions, either alone or mixed with the effect of 
antecedent toxic damage are found along with the 
functional disturbances of oliguria or anuria and 
all the consequent varied tubular dysfunctions that 
are revealed by clearance techniques. The syn- 
drome remains, therefore, on the firm basis of an 
adequate correlation of its stfuctiiral and func- 
tional characteristics an entity. 

This unity, however, arises not from what hap- 


pens primarily in the kidney but outside it in that 


area so susceptible of disturbance, the general 
circulation. What confronts us is therefore not 
a “renal disease” but a circulatory episode that 
may complicate any clinical situation and we 
therefore suggest that it be so recognized under 
some appropriate term. 

In various clinical situations from the shock of 
crush injury to chemical intoxication, one may, 
on the development of this clinical-pathological 
syndrome, speak of the occurrence of an “ische- 
muric renal episode,” thus emphasizing in a sort 
of portmanteau word the principal phenomenon 
of cause and effect, namely the renal ischemia and, 
to use an older term, the ischuria. 

The structural status of the kidney in the case 
needs, or perhaps one might say deserves, no 
specific pathological designation, any more, for 
example, than the structural status of the kidney 
in chronic passive congestion is given a patho- 
logical-anatomical name. 
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With the unity of pathogenesis of the syndrome 
established and an appropriate term for its desig- 
nation suggested, we can now turn to various 
problems regarding the correlation of the struc- 
tural with their functional and clinical 
manifestations. Perhaps the first of these that 
presents itself is the “cause” of the oliguria or 
anuria which is closely related to all those other 
more recondite disturbances that are revealed by 
It is surely too much to hope 


lesions 


clearance methods. 
that they can all be elucidated, but it is encourag- 
ing to see that the earlier dichotomy of interpre- 
tation is progressively narrowing as both func- 
tionalist and morphologist gain in experience of 
the renal lesions and, it might be added, of each 
others’ ideas. 

From the morphological viewpoint it seems 
certain that there is no single “cause” of oliguria 
but a great collocation of them, or as we would 
prefer to put it, that a constellation or “field” of 
structural phenomena determines and at the same 
time is a consequent of the functional disturbances. 
This latter form of causal concept is particularly 
useful, because as will be evident in our listing of 
them, the 
fying, often intensifying and at times nullifying the 
Moreover, it is often impossible to say 


‘causes’ are interdependent, one modi- 


other. 
whether a certain structural change is the ‘‘cause” 
of a certain functional phenomenon or whether 
the latter is not the determinant of the former, for 
“structure” and “function” are not two separate 
categories of being but different aspects of the 
same thing (25). The morphologist who has no 
way of measuring quantitatively the many effects 
of either aspect of the lesion should, however, call 
attention to them, leaving the final decision of their 
relative importance or priority for future decision. 

There can be little doubt that renal ischemia 
may result in decreased filtration in the earlier 
stages of the development 
There is small likelihood, however, that the sim- 
plicity of this factor remains long uncomplicated. 
First of all, the visualization by the Schlegel tech- 


of the syndrome. 


nique of the patchy cortical ischemia which pro- 
duces the tubular lesions is quite a different pat- 
tern than what might be suggested by the simple 
statement that cortical renal blood flow is  re- 
duced. As we have suggested, perhaps over-all 
renal blood flow is not greatly decreased and yet 
the patchy maldistribution of blood to nephrons 
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may still result in tubular dysfunction and even- 
tual structural damage. In any case the tubules 
under conditions of ischemia must suffer func- 
tional derangement and presumably one of the 
first and least effects, occurring long before the 
development of a structural lesion, would be a 
reduction in At least this 
sequence of events is demonstrable in the per- 
fused kidney of the frog (30), and so to the fac- 
tor of reduced filtration is added a counter factor. 

It would not seem likely that this period of the 
slightest of tubular dysfunctions can long endure ; 
with the beginning of structural change an in- 
creased permeability of the tubule wall and back- 
diffusion begins. The methods of clearance have 
given much data at least for speculation in regard 


water absorption. 


to the diffusion of the various substances through 
the tubule wall and the morphologist cannot be 
very helpful in the interpretation of this complex 
problem. He can, however, emphasize the im- 
portance of a much simpler form of tubule leak- 
age to which functionalists have paid less at- 
tention, and this is the gross pouring of tubular 
fluid in toto through holes in disrupted tubules at 
every level of the nephron from the origin of the 
proximal convolution to the collecting tubule. 
‘The leakage of tubule fluid into the interstitial 
tissue, a factor that might directly reduce the 
amount of fluid delivered to the collecting system, 
would seem to be one element in the production of 
the intertubular edema which may at times be so 
apparent in histological section. 
turn seems an important factor in the production 
of a rise in intrarenal pressure, a potential cause 
of oliguria by its pressure on tubules with a direct 


This edema in 


impedance of flow and on vessels, with an indirect 
effect in the same sense by its compression of thin 
afferent capillaries and a consequent exaggeration 
of renal ischemia and lessened filtration. 
Moreover, the flooding of the interstitial tissue 
with tubule fluid produces much more than an in- 
crease in physical tension. 
following the administration of sulfonamides, for 
example, leaking fluid is an irritant which pro- 
duces an exudative inflammatory reaction which 
becomes granulomatous in its later development. 
The degree of this “pyelonephritis” varies re- 
markably in different kidneys for reasons that are 
not always apparent. Perhaps one constant fac- 
tor in its production is the protein which the 


In many instances, 
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escaping tubule fluid contains, this derived from 
the increased permeability of glomerular mem- 
branes as a result of the original ischemic damage. 
And so another modification of another sort of 
intrarenal tension, the 
interstitial fluid, results with effects on tubule re- 
sorption and blood flow that are as yet not clearly 
understood. 

The interminable discussion and argument in the 
literature concerning the part played by stoppage 
of renal tubules with casts may well be the result 


oncotic pressure of the 


of a confusion between the “casts” that are seen 
in the urine as discrete plugs and the accumula- 
tions of epithelial debris, pigment, and proteins 
in every degree of sol-gel transformation that oc- 
Much of this 
confusion would be avoided if it were remembered 
that, judging from the results of microdissection, 
it is very improbable that any cast seen in the 
urine could have come from a nephron: urinary 
casts arise in the straight collecting tubules from 


cur in the tubule of the nephron. 


which they are readily expelled. It is hardly 
necessary to state that any physical obstruction 
whether in the form of solid matter or an in- 
creased viscosity of a semi-coagulated protein 
fluid will lessen tubular flow; or that a lessening 
of flow for this or another reason will tend to ex- 
aggerate accumulation of these impeding ma- 
terials, which in their turn will further decrease 
fow. Moreover any impedance in flow through 
the lumen of a ruptured tubule, or one even more 
permeable than normal, will increase leakage into 
the interstitial tissue and so will result in altera- 


tions of physical and oncotic intrarenal pressure. 
Again a circular effect on tubule fluid flow results 
extending beyond its own immediate viscious 


circle, and by the consequent disturbance of renal 
blood flow enmeshing, wheels within wheels, one 
cycle of oliguria-producing phenomena with an- 
other. 

If we have over-laboured in what is admittedly 
a highly speculative manner the discussion of the 
question, “what is the cause of anuria,” it is be- 
cause one so frequently hears and even reads, 
where more considered treatment might be ex- 
pected, argument brought either for or against 
some particular factor which doubtless seems to 
its proponent the definite, specific and therefore 
logically valid “cause.” A great deal of such 
para-logical discussion we believe originates in the 
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subconscious use of a “linear” concept of causality 
and would never arise if the constellational or field 
concept were applied to the elucidation of what 
must surely be an infinite collocation of related 
phenomena among which we can at best define 
only a few."” 

A few other clinical correlations may be briefly 
recovery the 


attempted. During the stage of 


volume of urine increases, at times rather sud- 
denly, to a degree that might be considered a 
state of diuresis. In its explanation a morpholo- 
gist can do little but draw on an imagination 
reasonably controlled by what he knows of the 
altered structural status of the kidney: certainly it 
is difficult for him to believe that any profound 
structural change has abruptly occurred in the 
damaged kidney, such as a sudden flushing out of 
impeding casts and debris from tubule lumens, 
for these structures have too much the look of 
What 


seems more likely to him is that a partial recovery 


permanency in his dissected specimens. 


of both bloed flow and tubule function has oc- 
curred to that level where a moderate filtration is 


combined with a still inadequatt tubular absorp- 


tion of water, a situation mentioned earlier as a 
theoretical step in the pro gressive development of 
Under 
little filtrate from a few ne- 


the functional lesion of oliguria. such 


conditions a very 
phrons might result in a large volume of urine 
and such a change, being determined by increased 
blood flow, might develop suddenly as it depends 
on no alteration of the structural basis of the renal 
lesion but rather on a relaxation of vascular 
spasm. 

To speak of reparative processes raises the 
question of the very considerable practical im- 
portance in problems of prognosis, prophylaxis 


10In this last regard, that is, our doubtless long to 
continue ignorance of the totality of renal fundamentals, 
it is well to remember that in the present problem, the 
explanation of a change in rate of flow through the renal 
tubules, we do not yet know how fluid can flow through 
the tubule even under the presumably relative simpler 
conditions that obtain in the normal nephron! Lichtwitz 
(31) was forced to the assumption that tubule fluid, like 
mercury in contact with glass, does not wet the wall of 
the tubule and Winton 
tion leaves the mystery with the pertinent suggestion 
that, in 
datum, we need feel no surprise if our explanations of its 


(32) after considerable calcula- 


view of our uncertainty regarding this basic 


infinitely more complicated derivative problems prove in- 
adequate. 


MACDOWELL AND ANN 


TRACY 


and of treatment, of what may have seemed to be 
largely an excessive refinement, namely the sharp 
distinction we have made between the two sorts 
As we have shown, the re- 
pair of extensive and severe disruptive tubulor- 


of tubular damage. 


hextic lesions is difficult of achievement ; extensive 
but futile “regeneration of tubular epithelium” 
may occur with nevertheless a failure of recon- 
stitution of nephrons whose structure is compati- 
ble with 
probably lost forever and a return to adequate 


function. Nephrons so affected are 
renal function must therefore come from compen- 
satory processes in those that escaped the original 
ischemic insult. The number of these is doubtless 
determined in the early stages of the syndrome, 
so that the sooner renal blood flow is increased 
the better the chance of ultimate recovery. After 
the ischemuric episode has occurred and its dis- 
ruptive lesions are established it would seem 
doubtful if any amount of renal circulatory im- 
The clinical in- 
stance of glycol intoxication which we have de- 


provement could do much good. 


scribed, where after three weeks there had been 
no return to functional normality even with a 
reestablished “urinary output,”’ is a good example. 
This is not true of those kidneys where the ne- 
phrotoxic tubular lesions predominate; here the 
intact basement membrane provides the scaffold- 
ing for epithelial regeneration and nephron re- 
constitution ; if the individual can be maintained a 
sufficient time, recovery of a functioning kidney 
can occur although the great majority of the ne- 
Unfortunately, 
as our cases of glycol and sublimate poisoning il- 
lustrated, severe intoxication leads to the compli- 
cation of a renal ischemia with added disruptive 
tubular damage, so that the prognosis in such in- 
stances is perhaps not better or may be even worse 


phrons were originally damaged. 


than in the simpler case of the “crush kidney.” 
Complication by an ischemuric episode with 
its disruptive tubular damage in cases of poisoning 
may well be a reason for the failure of such 
therapeutic agents as BAL in certain specific 
forms of poisoning and in any example of severe 
intoxication ; no matter how efficacious this pro- 
cedure may be in its effect on the nephrotoxic 
action of the poison, it seems clear that its mech- 
anisms cannot obviate or relieve the effect of the 
and its consequent 


A reference to the 


complicating renal ischemia 
disruptive tubular damage. 
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PATHOGENESIS OF ACUTE RENAL FAILURE—THE 


case of sublimate poisoning treated with this agent 
will emphasize this point. 

It may seem to some that a defect in our final 
conclusions is our inability, or disinclination, to 
give a specific anatomical-pathological to 
the abnormal kidney in Acute Renal Failure. 
We believe, however, that the situation in the kid- 
ney, even from the relatively simpler aspect of its 
structural alteration, is much too complex to be 
A recent at- 
tempt to do so illustrates this difficulty: the con- 


covered by any meaningful term. 


ditions with which we are concerned are distrib- 
uted variously among three categories, Upper Ne- 
phron Nephrosis, Distal Nephron Nephrosis and, 
apparently to catch the anomalous stragglers, Upper 
and Lower Nephron Nephrosis. It would seem 
unlikely that any sort of renal lesion could escape 
this nosological net, but what does one distinguish 
by the use of such all-inclusive terms? Only that 
there seems to be no Middle Nephron Nephrosis. 

The structural lesions, if not the sort of “renal 
disease,” that occur in Acute Renal Failure can, 
however, be accurately and meaningfully stated: 
they are: “nephrotoxic tubular necrosis” and dis- 
ruptive tubular damage or “tubulorhexis,” each 
with its distinctive structural characteristics both 
in regard to the sort of damage that is done to the 
tubule and to the location of the lesions. 
haps more importance to the clinician, each has 
its differential aetiological characteristic, a renal 
poison in the one case, and in the other the 


Of per- 


ischemia of the ischemuric episode. All these 
essential connotations are clouded or even com- 


pletely obscured when an attempt is made to find 


a phrase that covers everything and describes 


nothing. 

It is, therefore, when one attempts to pass from 
the objective level of the renal lesions to the higher 
abstraction of a that 
difficulties with all their conceptual confusion re- 


“renal disease” semantic 


sult. The answer, of course, is not to take this 
unnecessary step, for Acute Renal Failure is the 
result not of a specific sort of altered kidney that 
can be given a name, but of the summation of 
various structural-functional 
million nephrons (19). 

It is quite true that under controlled experi- 
mental conditions Acute Failure can be 
produced in two specific forms, one characterized 


lesions several 


Renal 


by purely nephrotoxic tubular lesions limited to 


ISCHEMURIC EPISODE 1349 
the proximal convolution or on the other hand, as 
our dissections of the material of Van Slyke, 
Phillips and their co-workers showed, a con- 
trasting renal status with only disruptive tubulor- 
hextic lesions so pure in form that even the mito- 
chondrial elements of the intact tubule showed no 
evidence of toxic effect. 

It seems very doubtful, however, if the clear- 
cut distinctions of the experimental situation ever 
occur spontaneously in Acute Renal Failure as it 
happens in man. The “crush kidney,” or the 
kidney from individuals where an ischemuric epi- 
sode has occurred during surgical shock, may ap- 
proach the ideal example of purely tubulorhextic 
damage, but in the protracted course of the renal 
failure it will be the rare case where some com- 
plicating nephrotoxic damage to the renal tubules, 
such as the “cloudy swelling,” has not occurred. 

In the fatal case of Acute Renal Failure where 
an ischemuric episode has complicated poisoning, 
the abnormal structural renal status is from its 
origin always confused; there are both nephro- 
toxic tubular lesions peculiar to the specific poison 
in the proximal convolution and the disruptive 
tubular lesions of renal ischemia everywhere in 
the nephron, all so mixed and blended that their 
separate identities are at times difficult to dis- 
tinguish even in the continuity of a single isolated 
nephron. Moreover, besides necrosis of tubules 
there are present the interstitial inflammatory re- 
action that follows tubular disruption and the ab- 
normalities in the epithelial regenerative processes 
with the failure of restitution of functioning ne- 
phrons. 

From the standpoint of pathogenesis, one phe- 
nomenon stands clear in this confusion of various 
tubular necroses, inflammatory reactions and _re- 
generative abnormalities—the ischemuric episode— 
for the occurrence or not of this event determines 
the course and direction of the reactions in the 
kidney to the ill effects of traumatic and toxic in- 
jury. 


CONCLUSIONS 


In Acute Renal Failure related to toxic and 
traumatic injuries the structural alterations which 
are correlated with and which may reasonably ex- 
plain the functional disturbances in the kidney are 
those of a tubular nephropathy. 
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Two sorts of tubule injury are encountered. 
The first is a nephrotoxic necrosis limited to that 
part of the nephron, the proximal convolution, 
which is functionally concerned with the handling 
of the poison. Since poisons are distributed by 
the renal circulation all nephrons are equally in- 
volved. The second type of lesion is a disruption 
of the renal tubule (tubulorhexis) due to focal 
cortical ischemia. It occurs at random among 
nephrons and in any part of a nephron. 

In the kidney of any case of fatal Acute Renal 
Failure arising under various clinical circum- 
stances these two lesions appear in varying pro- 
portions depending on the nature of the renal in- 
sult, whether toxic or circulatory or both. In 
Acute Renal Failure of non-toxic origin (shock, 
crush injury, etc.) the insult is purely circulatory, 
a part of or an episode in the general circulatory 
disturbance which has involved the peculiarly sus- 
ceptible area of the renal blood flow. The term 
ischemuric episode is suggested to designate this 


complication. 
Such a renal circulatory episode also may occur 
as a consequent of the general circulatory dis- 


turbances of grave intoxication. From this co- 
incidence stems the unity of pathogenesis in the 
group of Acute Renal Failure as a whole the 
members of which include such clinically disparate 
origins as crush injury, transfusion reactions, ob- 
stetrical accidents and fatal poisonings. 
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PLATE 1 


This figure shows the detail that can be seen in a normal nephron (rabbit) 
when fixed immediately in 10 per cent formalin, dissected after maceration in 
concentrated HC1 and stained with iron haemotoxylin, mounted in H Oo 
without the use of any clearing agent and photographed through the thickness 
of the specimen (60 “) at a magnification of 100 

The nuclei are.unstained and therefore appear as clear spots on the dark 
mitochondrial pattern of the renal epithelium. The decreasing gradient of 
the mitochondrial pattern is well shown, so dense in its first portion as to 
almost obscure the nuclei and fading almost to disappearance in the terminal 
medullary portion. 

Certain discrepancies may be noted in the size of the objects photographed 


in the following plates. This is due to the pressure of the cover slip which 
flattens and spreads the glomeruli, actually 0.20 mm. in diameter, so that 
they appear out of proportion to less compressed tubules. 
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PiaTE 2. DETAILS OF THE PRECEDING CONVOLUTION OF PLATE 1 
AT A MAGNIFICATION OF 300 X. (SEE LEGEND TO PLATE 1) 


In A to E are portions of the convolution showing the decreasing gradient 
of the mitochondrial apparatus, so dense near the glomerulus as to obscure 
the nuclei (A) and practically invisible in the medullary portions (D) and 
(E). In favorable regions of focus and where not too densely packed to- 
gether the basal ends of the rodlets can be seen at the arrows. In the mid- 
portion of the convolution where the mitochondria are less dense the brush 
border can be seen (C). The ascending limb is shown in F and in G the 
distal convolution with its stout heavy rodlets. In H is the transition of the 
proximal convolution into the thin, descending limb of Henle’s loop. The 
tubule is over-stained to show the islands of cells in the proximal convolution 
as they progressively fade into the capillary-like thin segment. The di- 
verticulum on the proximal convolution (A) is the only one we have ever 


noted in any species in this situation; they are common in the distal convolu- 


27). 


tion of man ( Plate 

The appearances noted above are only perfectly seen in immediately fixed 
material: 20 minutes delay at room temperature will cause a dissolution of 
the mitochondrial rodlets to a diffuse granular background. As in the 
histological section, human autopsy material therefore never shows the 
perfect picture of these finer structures; this contrast will be apparent in a 
comparison of the human with the experimental material 
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Piate 3. Crusa ANuURIA—MAN Buriep UNDER Desris For SEVERAL Hours 


Fracture of spine with compression of cord; passed a few oz. of urine each 
24 hours and died with a blood urea of 420 mg. per cent (cf. J. Path. & Bact., 
1941, 53, 493, Case 1). Specimen through the courtesy of Dr. J. E 
Morison, Belfast, N. I. 

A complete proximal convolution with glomerulus. The patchiness of the 
staining of the mitochondrial pattern is evidence of the damage to the tubular 
epithelium. At the arrows this damage is so intense as to have resulted in 
disruption of the basement membrane and the epithelium is reduced to 
granular debris. Im spite of these areas of tubular destruction, note inter- 
vening stretches with normal nuclei and mitochondrial apparatus (A). Areas 
of damaged and well preserved tubule alternate irregularly to the terminal 


medullary portion of the convolution (B). Here the basement membrane 
is barely visible and there is complete destruction of the renal epithelium ; the 


irregular black stained spots are clumps of cellular debris and detritus 
Magnification 80 . 

The insert shows the detail of an incipient disruptive lesion. Magnifi- 
cation 200 X. 
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Pirate 4. A Spray or Distat Convo.utions JOINING TO ForM A 
COLLECTING TUBULE FROM THE SAME KIDNEY AS IN PLATE 3 


Four ascending limbs with normal nuclear pattern and tubular contour 
rise on the left to pass into the distal convolutions. Note the rupture of the 
basement membrane and tubular disruption in all four at the arrows; each 
distal is distended with a heme pigment cast (A) of varying length; note 
lack of cast or pigment at points of tubular damage and the lack of disruption 
where the casts sea the tubule. The cast is continuous in the upper two 
distals far into the collecting tubule. Magnification 40 x. 

Insert shows detail-of disruptive lesion in lower distal convolution. Mag- 
nification 100 x. 
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Pirate 5. Crusn ANturRIA—YouNG WoMAN PINNED 
UNDER A BEAM For Stx Hours 


Legs crushed; shock. Lived nine days, urinary output 120 to 420 cc. per 
24 hours, terminal blood urea 368. (Cf. Lancet, 1941, 2, 549, Case 1). 
Specimen through the courtesy of the late John Shaw Dunn of Glasgow, 


Scotland. 

The appearance qi the disruptive lesion in the distal convolution from the 
first case in which it was described by Dunn, Gillespie and Niven (8). An 
ascending limb with a fairly well preserved nuclear pattern curves down and 
then up to the distal convolution. At this point (A) the basement mem- 
brane is ruptured and the tubular wall disrupted. There is no heme cast 
at this point of damage but at B the tubule is distended with a black pigment 
cast and there is an extensive fragmentation of the tubule wall. Surrounding 
the fragmented tubule are granulomatous adhesions in which large capillary 
venous channels can be seen. Another fragmentation follows C; irregular 
masses of regenerating epithelial cells can be seen in the tubule below this 
point (D) but the tubule wall is not repaired. Magnification 81 . 
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Piate 6. BuRNS—Man Sustarnep MULTIPLE Decree BURNS 
oveR 1/6 oF HIs Bopy 


Urinary output 600 cc. per day until death on ninth day. Specimen 
through the courtesy of Dr. Baldwin Lucké. 

A complete proximal convolution with its glomerulus. In the first quarter 
of the convolution the nuclear and mitochondrial pattern is essentially nor- 
mal; from this point on there is extreme damage. At A the ,tubule is 
swollen, the basement membrane broken, the renal epithelium necrotic, and 
the tubular wall disrupted. Varying degrees of tubular damage alternate 
until the terminal portion of the convolution is reached (B); the basement 
membrane shows almost complete dissolution aud only irregular clumps of 
nuclear and cellular debris remain. Magnification 83 x. 


4 
ae 
4 
+ } 
j 
4 
| 
: 


2 
=| 
4 
: 
cf 
= 
4 ; 
3 
: 
a 
x 
& 
ine 
a3 
it 


7. THe ASCENDING Limp AND Distat CONVOLUTION OF THE 
' SAME NEPHRON AS IN PLATE 6 

The former curves from right to left: it is fairly well preserved in its 
first portion but from A its basement membrane is fragmentary and the 
epithelium necrotic and desquamated. In the distal convolution there is a 
segment of tubular disruption with fragmentation of the basement membrane 
(B); note that there is no associated heme cast or deposit in the tubule 
lumen. Where these objects occur (C) there is no tubular disruption. 

The damaged terminal segment of the proximal convolution shown in the 
preceding figure and the ascending limb of this figure lay side by side in the 
subcortical medulla.. It-is commonly stated that the distinction between them 
in the histological section is not difficult, an opinion which may be judged 
by comparing the two figures. Magnification &3 X. 

Insert shows detail of disruptive lesion at a magnification of 200 x. 
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Pirate 8 Burns—MAn Burnep By GASOLINE EXPLOSION, FACE, 
NECK, SHOULDERS AND Back TO WAIST 

Died in renal failure on ninth day. Specimen through the courtesy of Dr. 
N. Winer. 

The insert shows a Camera lucida tracing of a complete nephron. The 
cross-hatched portion of the tubule indicates the seat of extreme tubular 
disruption as illustrated in the photographs. As evidence of the random 
distribution of the disruptive lesions note that the terminal segment of the 
proximal convolfition was intact in this specimen. The distal convolution 
contained no heme casts and showed no apparent lesions. In Inserts 1, 6-8 
the nuclear patterns are normal, but obscured by the dense black staining of 
the mitochondrial material. Magnification 83 . 
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PLate 9. UTERINE HeMorRHAGE—Copious HEMORRHAGE IN 
Tuirp Stace or Lasor; Suock 


Plasma, whole blood, and haemoglobin solution given intravenously. Urine 
volume on fourth day 120 cc.; 360 cc. on the sixth. Died on the ninth 
day. Specimen through the courtesy of Dr. Baldwin Lucké. 

Glomerulus and proximal convolution. The greater part of the proximal 
convolution is well preserved: the heavy staining was deliberately done to 
bring out the contrast of two regions (A) where stretches of the convolution 
show damage. In the more proximal a slight disruptive lesion is shown: 
in the second there is complete disruption of the tubule wall with surrounding 
tissue reaction. Magnification 83 X. 

Insert shows incipient disruptive lesion. Magnification 200 *. 
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Prate 10. AsceNDING Limp anp Distat CONVOLUTION 
FROM THE SAME KIDNEY AS IN PLATE 9 


The first portion of the ascending limb is intact, from A it shows extensive 
damage. At B is complete disruption of the distal convolution with sur 
rounding adhesions of reactive granulation tissue in which are large capil- 
lary-like channels. The dense black segments of the greater part of the 
convolution are tubule filled with heme cast; as is so commonly the case there 
is no apparent lesion in the tubule in the proximity of the pigment casts. 
Magnification 84 


Insert shows detail of disruptive lesion at a magnification of 200 x. 


2 
erate 
1 
q 
i 
: 
1370 


* 
a 
tie 
br 
of ag 
A% 
4 a 
“a 
\ 
j 
ip 
<A : 
| 
4 
3 


Pirate 11. TRANSFUSION REACTION—TRANSURETHRAL PROSTATECTOMY, 
Snock 


B.P. 78/60. Three blood transfusions. Urine output from retained 
catheter not measired. Died on fifth day following operation with “marked 
elevation of blood chemistry.” 


A complete proximal convolution. The glomerulus is missing. The most 
striking feature shown by this specimen is the random scattering of stretches 
of disrupted tubule (A) among portions in which the nuclear pattern indi- 
cates a relative normality of the tubule wall. (B) The very dark stretch of 
tubule is due to the presence of haemoglobin in the renal epithelium. Mag 
nification 82 
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Pirate 12. Tue TerMinat SEGMENT oF ANOTHER PROXIMAL CONVOLUTION 
FROM THE SAME KIDNEY As IN PLate 11 


Regeneration has replaced the original epithelium by cells with oval nuclei 
and with sparce mitochondrial material. The new epithelium had absorbed 
haemoglobin as is evident from the dark granules which were positive for 
free iron with the Berlin Blue reaction. At A debris impregnated with 
blood pigment, negative for free iron but positive to benzidine, fills and 
distends the tubule lumen. Note that as is usual, these substances have 
caused no damage to the epithelium of the tubule wall. Magnification 82 x. 

Insert shows detail of pigment in regenerated cells at a magnification of 
200 x. 
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Pirate 13. BLACKWATER FEVER—MaNn BROUGHT FROM THE COUNTRYSIDE 
with a Typicat History oF BLACKWATER FEVER; Drep 
AFTER ADMISSION TO THE Hosprtat 


Specimen through the courtesy of Col. H. C. Clarke, Canal Zone, Panama 
This and Plate 14 show a complete proximal convolution with its glomer- 
ulus. At the very origin of the convolution dilatation of Bowman space, 
dissolution of the basement membrane and destruction of the tubule wall are 
seen (A). There then follow irregularly alternating disruptive lesions 
and stretches of convolution which are relatively better preserved. Magni- 


fication 82 x. 
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Prate 14. Tue Distar or tHe Convo.ution (See 13) 


This shows more damage and the terminal medullary portion is the seat 
of an almost continuous disintegration of the 


basement membrane and 
necrosis of the tubular epithelium. 


In areas of relatively normal tubule, 
droplets of absorbed heme pigment are visible, some positive to the Berlin 
Blue reaction and some to benzidine. These stain black with iron haemo- 
toxylin and therefore are obscured in the upper portions of the convolution 
by the mitochondrial elements; where the latter are less dense (A), the fine 
pattern of heme_ pigmentation can be seen. The dark granular material in 
the desquamated dead cells in the lumen of the tubule (B) was positive to the 
Berlin Blue reaction. Magnification 82 x. 


Insert shows detail of heme pigment granules at A at a magnification of 
200 x. 
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Prate 15. AscenpiING Limp ANp Distat CONVOLUTION FROM 
THE SAME KIDNEY AS IN PLATES 13 AND 14 


A dilated ascending limb on the left, lined by an atypical epithelium. 
Note the similarity of this abnormal distal portion of the nephron to the 
abnormal regenerated terminal portion of the proximal convolution in Plate 
12, except that the ascending limb does not contain granules or droplets of 
absorbed heme pigments. A complete dissolution of basement membrane, 
necrosis of epithelium and tubular disruption in the distal convolution at A 
Scattered along the length of the entire specimen are collections of heme 
pigment impregnated debris. (B) As is usual, the tubule wall is less 
damaged at these points. Magnification 82 x. 
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Piate 16. SuBLIMATE POISONING 


Details of clinical history in text, page 1314. Died on the 29th day. 

The terminal medullary portion of a proximal convolution. The cortical 
portion of this convolution showed the typical nephrotoxic necrosis due to 
mercury. This lesion is visible in the horizontal stretch of tubule above, 
A, an intact basement membrane outlining the dead mass of dark stained 
necrotic debris. At B there begins a long segment of tubule, greatly 
swollen, in which the basement membrane has completely disintegrated and 
the tubule wall is destroyed. The tubular disruption ends abruptly (C) and 
the convolution continues, its basement membrane intact, to the passage into 
the thin loop of Henle’s loop. At the point of greatest disruption (B*) 
irregular regeneration of the epithelium is evident in the clusters and 
masses of cells wih large vesicular nuclei. It is also evident that this re- 
generation has not repaired the tubule wall or reestablished a lumen; this, 
apparently due to lack of a basement membrane to direct the course of the 
proliferating cells. Magnification 82 x. 

Insert B* shows the disruptive lesion at B* at a magnification of 200 x. 
For the appearance in histological section of a similar lesion cf. Figure 1. 

Insert A shows a typical nephrotoxic tubular lesion in the terminal seg- 
ment of a proximal convolution of a nephron from the kidney of a dog 
which had received an intravenous injection of 75 mg. of corrosive sub- 
limate. The renal epithelium is completely necrotic and reduced to granular 
debris. Note the intact basement membrane, at places out of focus and 
therefore invisible, which maintains the tubular contours. Magnification 
200 
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Piate 17} Two Distai AND THE ORIGIN OF THE 
CoLLectiInG TUBULE FROM THE SAME KIDNEY As IN PLATE 16 
At the lower right a distal convolution is filled in great part with dark 
staining casts which in histological section stained with eosine and contained 
no heme pigment. The second half of the upper distal convolution is 
similarly filled and the cast extends some distance into the collecting tubule 


on the extreme left. The original thick epithelium of the first portion of the 


upper distal convolution has been replaced by a flat atypical regenerated 
layer of cells which has not completely healed the disruption that had oc- 
curred in the tubule wall (A). Magnification 83 
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‘PLATE 18. Potrasstum CHLORATE POISONING 


Details of clinical history in text, page 1316. Died on the 11th day. 

A complete proximal convolution. The dark staining poorly preserved 
mitochondria in the first half of the convolution indicates a relative integrity 
of the tubular epithelium, although there may be some lesser form of damage 
such as “cloudy swelling.” Beginning at the arrow there is a frank necrosis 
of the tubular epithelium with desquamation which continues to the termina- 
tion of the confolution in the narrow limb of Henle’s loop. Magnification 
84 x. 

For the appearance in histological cross section of the partially necrotic 
upper half of a similar convolution, cf. Figure 2. 


‘4 
3, 
: 
i 
a q 
Pei? 
Be 
vi 
2 | 
| 
; 
a 
« 
-? 
i 
‘ 
1386 
= 
\ 


5. 
« 
< 
m 


Pirate 19. Aw Ascenptinc Limp, BeLtow, anp Distat CoNvoLuTION 
FROM THE SAME CASE AS IN PLATE 18 


The ascending limb is dilated but its cellular pattern is fairly well pre- 
served. At A is a huge cast which blocks the distal convolution and proxi- 


mal to it a greatly dilated segment with complete disintegration of the base- 
Note the abortive re- 


Magnification 84 x. 


ment membrane and disruption of the tubule wall. 
generation of sheets of cells that grow at random. 
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Pirate 20. SuULFONAMIDE INTOXICATION 


Woman with sinusitis and a previous history of albuminuria took 3.4 gm. 
sulfathiazole in one day at home, and 3 gm. after entering hospital for severe 
headache and pain in back. Did not void in 12 hours, erythematous rash 
appeared, 60 cc. urine by catheter. Died 20 hours after admission (cf. 
J.A.M.A., 1942, 119, 8, Case 4). Specimen through the courtesy of Dr. 
Max Lederer. , 

A complete proximal convolution and its glomerulus. As was noted by 
Dr. Lederer in -histelogical section there is necrosis of the renal epithelium 
throughout almost the complete length of the convolution. The basement 
membrane, however, is intact and its tube is stuffed with cellular debris in 
various degrees of consolidation. This case showed in extreme degree 
damage of the proximal convolution: as noted in our text there is great 
variation in the type of reaction of the kidney to the deleterious effects of the 
sulfonamides and many do not show the nephrotoxic effect on the proximal 
convolution that is well illustrated in this case. Magnification 80 x. 
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Piate 21, SuLFONAMIDE DAMAGE—MALE ApMITTED WITH A “CoLp” 

Symptomless treatment with sulfathiazole one month previously. Given 13 
em. sulfathiazole in 48 hours; nausea, vomiting, urinary suppression, 150 cc. 
in four days, and death in uremia eight days later. 
courtesy of Dr. Baldwin Lucké. 

Ascending limb and two distal convolutions and collecting tubule. The 
ascending limb, (left) shows an intact epithelium. At A and A’ the distal 
convolution shows the disruptive lesion; at B there is a cast distending the 
intact tubule. At. A a projecting sheet of atypical epithelial cells can be 
seen but the disruption is not filled. 


Specimen through the 


The other distal convolution, above 
and to the right, shows less damage; at C there is an incipient solution of 
continuity of the basement membrane. In the collecting tubule, below, the 
typical epithelial pattern is well preserved; the lumen contains masses « 
debris and desquamated epithelial cells. Magnification 83 x. 


Insert shows detail of disruptive lesion at A at a magnification of 200 » 
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Details of history in text, page 1322. Died on the 12th day. Specimen 
through the courtesy of Dr. Milton Helpern. 

A portion of the proximal convolution. The dissection of proximal con- 
volutions from this kidney was exceedingly difficult because there was a 
combination of 4 nephrotoxic vacuolar necrosis of the epithelium and a dis- 
ruption of the basement membrane (A) throughout the convolution. For 
the appearance in histological section of the lesion see Figure 3. The 
specimen was under-differentiated for purposes of contrast as the almost 
complete vacuolization of the renal epithelium left little to stain by the usual 
procedure. For the typical appearance of a lesser and limited lesion of 
di-ethylene glycol under experimental conditions, see Plate 44. Magnifi- 
cation 84 x, 
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Piate 23. AsckNDING Limp witH DistaL CoNVOLUTION ON THE RIGHT 
Jorntnc ANOTHER TO Form a COLLECTING TUBULE; FROM THE 
SAME CASE AS IN PLATE 22 


There are casts of debris in the ascending limb and in other portions of the 
various tubules at A. At B the distal convolution is greatly swollen, the 
basement membrane disintegrated and the tubule disrupted. The distal con- 
volution on the left is fairly well preserved; the wall of the collecting tubule 
is intact and its limen contains debris and a consolidated cast. 


Magnification 
80 &. | 


Insert shows detail of disruptive lesion at B at a magnification of 200 x. 
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Pirate 24. Di-Etuyitene Gryco. OF THE OTHER 
InpivipuAL |Was Potsonep at THE SAME Time Liven 24 Days 


(See text, page 1322, for detailed history. ) 

Glomerulus and first half of proximal convolution. In contrast with the 
intensely damaged convolution shown in Plate 22, extensive regeneration of 
the tubular epithelium has occurred in the 12 days following the biopsy. 
See Figures 4 and 5 for the change that occurred in this time. The 
dissected specimen shows, however, the inadequacy of this marked epithelial 
proliferation so far as a restitution of a functioning nephron is concerned. 
Masses and sheets of proliferating renal epithelial cells impinge upon and 
occlude the lumen swith-the production of valve-like flaps and whorls of cells 
(C). As a result, irregular constrictions (A) alternate with pouch-like 
protrusions or diverticula (B). At many places the earlier disruption of 
the tubular wall persists (D) though one “side” of the tubule wall seems 
repaired. The contrast of the real inadequacy of this repair, as seen in the 
dissected nephron with what appears to be good “tubular regeneration” in 
the histological section (Figure 5), is noteworthy. Magnification 82 . 
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Pirate 25. Ascenptnc Limp, Distat Convo_utions AND COLLECTING 
TUBULE FROM THE SAME KipNEY As IN PLaTE 24 

Extensive casts (A) are seen in various portions of the tubules; at B and 
B* there are disruptions of the distal convolution, the latter surrounded by 
interstitial reaction and large capillaries. There is extensive regeneration in 
the ascending limb and distal convolution on the right. From B' to C the 
detail of this incomplete repair can be seen in the irregular sheets of cells 
that imperfectly reconstitute the tubule wall. Magnification 80 x. 

Insert shows the} detail of the incomplete regeneration in the upper right 
distal convolution at a magnification of 200 x. 
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PLATE 26. ParoxysMAL HEMOGLOBINURIA 


Repeated attacks of cold induced hemoglobinuria; death 12 days after a 
particularly severe attack. (See details in text, page 1326.) Specimen 
through the courtesy of Drs. Alfred Plaut and R. Sussman. 

Proximal convolution and its glomerulus. This nephron came from the 
periphery of a fibrous scar in the kidney which, since there were no vascular 
lesions to account for it, was apparently the result of the damage of an 
earlier attack. There is an irregular atrophy and distortion of the con- 
volution; at A there are frank disruptive lesions with peritubular adhesions. 
Magnification 84 x. 
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Piate 27. ASCENDING Limp anp Distat CONVOLUTION FROM A SIMILAR 
Fiprous AREA OF THE SAME KIDNEY As IN PLATE 26 


Descending frpm the upper right, an ascending limb. It is difficult to 
decide in this atrophied and distorted nephron where the distal convolution 
begins, but since we have never seen diverticula elsewhere than on the distal 
convolution, presumably its origin is at A. There is a typical recent dis- 
ruptive lesion at B with a small heme pigment cast in situ. These lesions 
were noted by Dr. Plaut in histological section and the similarity of the 
lesion to “crush injury nephrosis” noted. At C is a cystic dilatation of a 
segment of the convolution which contains some debris. Its angular ir- 
regular configuration strongly suggests the deforming effect of shrinkage of 
the connective tissue which surrounds it. Magnification 80 x. 

Insert shows three large diverticula on another distal convolution which 
have the general configuration of glomeruli. Magnification 200 x. 
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Priate 28. Doc K29 


Under nembutal anesthesia the left renal artery was clamped for 66 min- 
utes. Seventy-two minutes after removal of clamp a 350 cc. infusion was 
given, consisting of 50 cc. of the animal’s red cells laked in distilled water with 
salt added to isotonicity and 50 cc. of the animal’s plasma. The animal was 
killed five days fater. 

A complete proximal convolution with its glomerulus. The first part of 
the convolution shows a complete disintegration of its basement membrane 
and disruption of the tubule wall. The convolution from here on is re- 
markably well preserved; note perfect delineation of the rodlets in the basal 
portion of the renal cells in the insert. At A this mitochondrial pattern is 
disturbed and at B the basement membrane is disintegrated and the cellular 
detail lost. This portion of the proximal convolution in the dog normaliy 
contains much visible fat and this is the source of some of the granular ap- 
pearance noted in this region. 

A most striking feature of the disruptive lesion due to the renal ischemia 
in all of the experiments, was the immediate continuity of stretches of com- 
pletely damaged and perfectly preserved normal tubule; there was therefore 
no general toxic damage in these kidneys in spite of the infusions of haemo- 
globin. Magnification 82 x. 

The insert shows the perfect preservation of the mitochondrial rodlets in 
areas of tubule which have escaped ischemic disruptive damage. Magnifica- 
tion 200 *, 
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29. AscenpING Limp anp Distat 
FROM THE SAME KIDNEY As IN PLATE 28 


The ascending limb on the left is well preserved. At A the tubule is in- 
tact but distended with heme pigment casts that were positive to benzidine 
and negative for free iron by the Berlin Blue test. At B and B? there is 
disintegration of the basement membrane and a complete disruption of the 


tubule wall. At B* crystals of heme pigment are present. Magnification 
84 Xx. 
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Piate 30. Doc K26 


Under nembutal anesthesia the right kidney was removed and a serrefine 
placed on the left renal artery for 60 minutes. The animal remained in good 
clinical condition and was killed on the fourth day after the operation. 

A proximal convolution. The greater part of the tubule is well preserved 
as is shown by the mitochondrial pattern; at A even the detail of the normal 
rodlets can be seen. At the arrows this pattern is disturbed and a dis- 
integration of the basement membrane is evident. At B the lesion is fully 
developed, the tubule is swollen, the basement membrane disintegrated and 
the renal epithelium necrotic. At C there is a collection of heme pigment 
impregnated debris; note the continuity and normality of the basement mem- 
brane. Magnification 80 x. 
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Piate 31. Turee Distat ConvoLuTIONS FROM THE SAME KIDNEY (PLATE 


30) Jorn to Form a CotLectinG TUBULE ON THE LEFT 


At A are seen the infrequently mentioned intercalated cells (12) common to 
ail species in this portion of the renal tubule. All of the tubules are essentially 
normal except at B where an incipient disruption can be seen. At C the 
distal convolution contains a densely stained heme pigment cast; note that 
the tubule wall is not disturbed by its presence. Magnification 80 x. 

Insert shows the detail of collecting tubule at A with granular intercalated 
cells. 200 . 
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Piate 32. Dod K33—Tue Resutts of ExtrEME IscueMia oF 200 
Minutes DuraTION AS MEASURED BY CLEARANCES FoLLowInG TRAUMA 
UNDER NEMBUTAL ANESTHESIA TO Muscle Masses 


A transfusion of the dog’s own blood was given at the end of the experi- 
ment. Clinical condition of the animal was good on the fourth day. Blood 
urea 24.8. The animal was then killed. 

Proximal convolution and glomerulus. Many nephrons from this kidney 
were a normal; others, perhaps 1/4, resembled the illustration. 
The mitochondrial pattern of the greater part of the convolution is normal; 
from B downward the dark staining is due to the normal presence of fat in 
the convolution. Compare with the similar segment of Plate 28 where both 
normal fat and disintegration of the basement membrane are present. At A 
and A’ are short segments of swollen convolution in which the basement 
membrane is fragmented, the renal cells necrotic and the tubule disrupted. 
These are shown at a higher magnification in Plate 33. At the arrows in- 
cipient lesions of the same sort are evident. Magnification 41 X. 
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Pirate 33. Ascenpinc Limp anp Distat CoNnvoLution 
FROM THE SAME KIDNEY AS IN PLATE 32 


Except for the presence of heme casts which have produced ro tubular 


lesion the ascending limb is normal. Its upper portion and the greater part 


of the distal convolution are distended with heme casts; at A the presence 
of tubule wall disruption is evidenced by the surrounding adhesions of re- 
active intertubular tissue. Magnification 45 

Inserts show Ithe detail of the disruptive lesions of the preceding plate at 
a magnification of 200 X. 
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PLaTE 34. Doc K32—EXPERIMENTAL PROCEDURE AS IN THE EXPERIMENT 
oF PLates 32 anp 33 


A transfusion of the animal’s blood was given at the end of the experiment. 
Before the experiment the blood urea was 10.9; on the fourth day 25.4 and on 
the seventh, 79.4. The animal, having convulsions, was killed. 

Complete oe convolution and glomerulus. The first 2/3 of the 


convolution is fairly well preserved, though small areas are visible, as at B’, 
where the mitochondrial and nuclear pattern are disturbed as compared to the 
normality at B. Beginning in the terminal portion of the proximal con- 
volution (A) there is an extensive disintegration of the basement membrane 
with epithelial necrosis and tubular disruption. Magnification 40 x. Les- 
ser disruptions are evident at A* and A*. For detail see following plate at 
a higher magnification. 
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Pirate 35. A HicHer MAGNIFICATION OF THE TERMINAL SEGMENT OF 
Piate 34 


The tubule begins in the center and it will be noted that its first part as it 
passes upwards is well preserved and the basement membrane intact. At A 
the epithelial cells are necrotic, the basement membrane disintegrated and 
the tubule disrupted; a short stretch of better preserved tubule with intact 
basement membrane follows and at A’ another disruption. A third dis- 
ruption, less severe, is seen at A* and the tubule following to the thin limb of 
Henle’s loop is again intact. Magnification 82 x. 
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Piate 36. AN AsceNnDING Limp anp Distat CONVOLUTION 
FROM THE SAME Kipney as IN Pate 34 


The ascending limb is entirely normal in its first portion; at A are heme 
casts. In the distal convolution at B the tubule is swollen, the epithelium 
reduced to necrotic debris and its wall disrupted. Magnification 45 x. 

Insert shows the disrupted distal convolution at B at a magnification of 


100 x. 
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Piates 37 to 40 


CIRCULATORY PATTERNS IN THE RENAL CorTEX UNDER NORMAL AND TOXIC 
Conpifions AS SHOWN BY THE SCHLEGEL TECHNIQUE 


Magnification of all plates 16 x. The experimental animal received under 
anesthesia 1.0 cc. of 4 per cent thioflavin S intravenously. The kidney 
was removed in six seconds, split, placed in glycerine and photographed 
under illumination by Wood's light. The fluorescent dye is held in the walls 
of the arteries and glomerular tufts. Capillaries show faintly and the veins 
not at all. 


| PLATE 37 
A. Tue-CorticaL CircULATION IN A NorMAL Rappit 


Note the even distribution of the blood to all glomeruli. The brilliant 
zone in the outer medulla is due to natural fluorescence of this tissue. 


B. Tue CorticaL CircuLatory PatreRN 19 Hours AFTER THE Sups- 
CUTANEOUS INJECTION oF 400 MG. oF SopluM Potassium TARTRATE 


A large interlobar artery below with its arcuate branches. There is an 
irregular area of cortical ischemia where the dye in the blood did not reach 
glomeruli and intertubular capillaries. To the left an area of more nearly 
normal blood flow. The disruptive lesions in the nephrons which ac- 
companied the irregular ischemia are seen in Plate 42. 
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PLATE 38 
A. THe Corticar CiRCULATION IN THE oF A Hap 
Been GIVEN 24 MG. OF SUBLIMATE INTRAVENOUSLY 416 Hours PREVIOUSLY 


There is a marked retardation of blood flow from which only occasional 
glomeruli received the dye-containing blood. 


B. Tue Orner KipNey or THE SAME ANIMAL WHICH Was ALLOWED TO 
Receive Bioop For A Periop THree Times as LonG As THE FORMER 
More glomeruli and interlobular arteries have accumulated enough dye 
to fluoresce, but as compared to the normal pattern of 37A, the irregular 


patchy ischemia fs still evident. Disruptive lesions in the nephrons of an- 


other animal which received the same dosage but which lived 18 hours 
are shown in Plate 42-C and D. 
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PLate 39 


A. THE CrrcuLATORY PATTERN IN THE CorRTEX OF THE KIDNEY OF A 
Rassit Hap Been GIvEN INTRAVENOUS INJECTION OF 40 MG. OF 
Uranyt Nitrate 70 Hours Previousty 


An irregular ares of ischemia with few glomeruli is seen. The exposure 
in this photograph and in Plate 38A was considerably longer than in the 
other figures hence the background of natural fluorescence of the renal 
tissue produced a greyish tone which is also somewhat exaggerated by the 
slight diffusion of the dye through vessel walls. Disruptive lesions in the 
nephrons of this animal are shown in Plates 42B and 43A. 


B. Tue Cortica, Crrcucatory PatTeRN IN THE KIDNEY oF A RABBIT 
i 
Given 30 Mc. Or. Potasstum BicHroMaTe INTRAVENOUsLY 19 Hours 
PREVIOUSLY 


There is a widespread but irregular ischemia of the cortex. The sub- 
cortical glomeruli, near the larger arteries, seem better irrigated. 
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Piate 40 


A. IrreGULARLY Patcuy CorticaAL ISCHEMIA IN THE KIDNEY OF A 
Rassit GIVEN 4 cc. oF CARBON TETRACHLORIDE ON Two Successive Days 
INjecTED witu Dye 48 Hours Later 


To the left the cortex has received a considerable amount of blood and 
the glomeruli and small arteries are brightly fluorescent; in the sub- 
cortical zone, particularly in the center, they can only dimly be seen. 
Disruptive tubular lesions from the animal are shown in Plate 43D. 


B. Tue Patcuy CorticaL ISCHEMIA IN THE KiIpNEY oF A WHICH 
Hap Drunk ad lib. Di-EtTHYLENE GLyYCoL ovER A 24 Hour Periop 


Disruptive lesions~im the nephrons of other rabbits which had drunk the 
same mixture over periods of five to seven days are shown in Plate 43 
B and C. 
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Piate 41. A Proximat CoNvoLuTION AND GLOMERULUS FROM A RABBIT 
Porsonep 19 Hours Previousty with 400 MG. PER KILO 
oF Soptum PotasstuM TARTRATE 


The first few coils of the convolution are fairly normal in their nuclear and 
mitochondrial pattern but from the arrow distally the epithelium of the 
entire convolution is necrotic and reduced to cellular debris which fills the 
intact tube-like basement membrane. At A, however, this structure has 
disintegrated and typical tubular disruption has resulted. The ischemic 
pattern of the cortex in this animal is shown in Plate 37B. The disruptive 
lesions in the ascending limb from another animal which had received the 
same dosage are shown in Plate 42A. Magnification 82 x. 
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Pirate 42. DiskuptiveE TusuLar Lesions Founp 1N ANIMALS THAT 
Hap REcEIvED Various Toxic AGENTS 


All of these animals showed the typical nephrotoxic necrosis in the 
proximal convolutions of all the nephrons along with occasional disruptive 
lesions in this segment. The occurrence of disruptive, but never nephro- 
toxic, lesions in other parts of the nephron is illustrated below. A. Sodium 


potassium tartrate. A greatly swollen ascending limb with disintegration 
of the basement membrane throughout the greater part of its length. At 
the arrow a more discrete disruption in the distal convolution. B. Uranyl 
nitrate. Basement-membrane disintegration and tubular disruption at the 
arrows situated at the junction of the ascending limb and the distal con- 
volution. C and D. Corrosive sublimate. In C an incipient disruption 


showing a localized swelling of the tubule and in D another with definite 
basement membrane rupture. FE. Di-ethylene glycol. A similar early swell- 
ing with disruption in the upper ascending limb. Magnification 80 * except 
B which is 100 x. 
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Pirate 43 


A. Uranyl nitrate. An ascending limb filled with cellular debris derived 
from the nephrotoxic damage in its preceding proximal convolution. 
Disruptive lesions are seen at the arrows. B and C. Di-ethylene glycol. 


At B an incipient;lesion at the junction of ascending limb and distal convolu- 
tion. In C a pair of ascending limbs and distal convolutions are 
greatly swollen and the basement membrane is almost completely disin- 
tegrated. A few necrotic cells persist in the “tubule” lumen and there is 
a localized disruption above where the two distal convolutions adhere. D. 
Carbon tetrachloride. Two examples of stages of the disruptive lesion in the 
upper ascending limbs. The dark cells mark the beginning of normally pre- 
served distal convolutions. Magnification 80 x 
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Piate 44. Proximat CoNnvoLuTION FRoM A Wuicn Hap Drunk 
Water ad lib. For Four Days ContarninG 5 Per CENT 


The localized specific effect of moderate glycol damage is seen in the 
extreme swelling and vacuolization of the epithelial cells of the terminal 
half of the proximal convolution. Magnification 82x. Compare with the 
appearance in Figures 3 and 4 and with Plate 22 which shows more severe 
damage in the humar- kidney. 

The disruptive damage in ascending limbs in this and other similarly 
poisoned animals is seen in Plate 42E in its incipient form and fully developed 


in Plate 43C. The pattern of cortical ischemia that accompanies glycol 
poisoning is shown in Plate 40B. 
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¥ systems) with either AC or DC 


Your choice of 


ViISO-CARDIETTE 


While designed primarily as a direct-writing clinical 
electrocardiograph tha* can quickly record a// accepted 
leads, this oldest mem}er of the ‘‘Viso family’’ will also 
Tegister many other phenomena, using suitable 

ppl y equip t Its proven recording 
principles provide the basis for the design of the 1-, 2-, 
and 4-channel systems below. These instruments fea- 
ture standard “Viso’”’ advantages: immediately visible, 
permanent records traced by heated stylus (no ink) on 
plastic coated, continuous chart paper; recording in 
true rectangular coordinates; independent timing; 
and simplified control. The recording paper speed of 
Viso-Cardiette is 25 mm/sec. Paper width is 6 cm with 
a 5 cm recording area. 


VISO: RECORDER (SINGLE CHANNEL) 


A simple and /Jower cost means of securing all the 
recording advantages of the Viso-Cardiette (described 
above), when electrocardiography is not a requirement, 
is offered in this assembly. The system comprises a 
single-channel recording unit, patterned closely after 
that of the Viso-Cardiette, and assembled in one case 
with either a General Purpose or Strain Gage Amplifier 
which are interchangeable as described at the left. 


TWIN-VISO CARDIETTE (TWO-CHANNEL) 


The two channels of the Twin-Viso operate inde- 
pendently of each other, but register simultaneously 
on one Permapaper record. Or, one channel may be 
used alone, with l-channel recording Permapaper. A 
standard, “‘built-in’’ feature of the Twin-Viso is a t 
choice of ten paper speeds which may be selected at 3 
will by the operator thru a quick and simple inter- i 


1-, 2-, or 4- channel 


systems — each with 


all the advantages 


that the famous name 


“Sanborn Viso”’ denotes 


INTERCHANGEABILITY 
of Preamplifiers and 
Amplifiers permits 
recording of many 
different types 
of phenomena. 


changing of sets of gears. These speeds are in pairs of : 
5 and 0.5, 10 and 1, 25 and 2.5, 50 and 5, and 100 and : 
10 mm/sec. Either speed of any pair selectable at will é 
by panel control. Standard “Viso’’ recording ad- 


vantages (described above) are inherent in the Twin- 
Viso and the Poly-Viso Cardiettes, and to them is 
added manually or remotely controlled code marking. 


POLY-VISO CARDIETTE (FOUR-CHANNEL) 


This multi-channel research recorder provides for one-, 
two-, three-, or four-channel registrations on one 
record, using Permapaper of appropriate widths. The 
Poly-Viso operates under the same principles as the 
Viso- and Twin-Viso Cardiettes described above and 
offers a “built-in” choice of eight paper speeds: 50, 25, 
10, 5, 2.5, 1.0, 0.5, and 0.25 mm_/sec., al/ selectable by 
panel control. 


Any of the recording channels 
in the three systems at the 
right may include either a 
Strain Gage or General Purpose 
Amplifier, or the latter in com- 
bination (in 2-, and 4-channel 


Preamplifiers. For, any of the 
Amplifiers or Pr lifiers pro- 
vided for in a system may be 
quickly removed from its place 
in the system and as quickly 
replaced with an alternate 
type. 


RECORDERS AND AMPLIFIERS 
ARE AVAILABLE SEPARATELY 
The Recorders, Amplifiers and Preamplifiers 
of which the above complete systems are 
comprised may be obtained separately, to 
be combined or integrated by the user with 
other equipment. 


For descriptive litera- 
ture or information of 
any kind about this C0 CAMBRIDGE 39 
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in eye diseases 


CorvonE has proved remarkably 

effective in the treatment of many 

inflammatory eye diseases. Topical administration is 
indicated principally in disorders of the anterior segment — 
the cornea and anterior uvea. 


Three products for Individualized Dosage: 


OPHTHALMIC SUSPENSION OF CORTONE Acetate 
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the desired degree of improvement. 
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lead-to permanent ocular damage. 
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1.5% —3.5 Gm. tubes: For use in conjunction with either of the ophthal- 
mic suspension preparations, or alone, depending on the con- 
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Administered topically in recommended dosage, CoRTONE is 


Nonirritating — Safe — Economical 


For diseases of the deeper structures of 
the eye, it is recommended that adequate 
systemic dosage with the Oral Tablets 
or the Parenteral Suspension of CORTONE 


Literature on Request 
accompany or precede topical application. 


(CORTISONE Acetate Merck) 


MERCK &€ CO., Inc. CORTONE is the registered 


Manufacturing Chemists trade-mark of Merck & Co., Inc. 
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VENOUS CONGESTION OF THE EXTREMITIES IN RELATION TO 
BLOOD VOLUME DETERMINATIONS AND TO MIXING 
CURVES OF CARBON MONOXIDE AND T-1824 
IN NORMAL HUMAN SUBJECTS! 


By ELLEN BROWN, JAMES HOPPER, Jr. JOHN J. SAMPSON, 
axnp CHARLES MUDRICK 


(From the Division of Medicine, University of California School of Medicine, 
San Francisco, California) 


(Submitted fet publication March 26, 1951; accepted August 20, 1951) 


Investigations of circulatory problems often in- 
volve measurement of the blood volume in clinical 
conditions which may be characterized by im- 
portant grades of stasis or venous congestion, such 
as pregnancy, heart failure, and shock. 

As yet, no serious efforts have been made to 
determine the limitations of the common methods 
for measuring blood volume under such circum- 
stances, although it has been claimed that delayed 
mixing of dyes may occur during postural stasis 
(1) and heart failure (2) and that serious leakage 
of protein-bound dyes may result from splanchnic 
congestion (3). 

In the studies to be described, congestion was 
imposed on the limbs of healthy human subjects 
by pneumatic cuffs in such a way as to involve as 
much as one-fourth of the total blood volume at 
It will 
be shown that even such massive pooling of blood 


pressures near diastolic arterial levels. 


in the veins does not affect the measurement of 
total blood volume by a carbon monoxide method. 
Curves representing time-concentration relation- 
ships of carbon monoxide (CO) and the dye 
T-1824 in venous blood were only slightly modified 
by the presence of congestion, but showed that in 
the presence of massive congestion the use of 
sampling periods shorter than 15 to 20 minutes 
may lead to falsely low estimations of blood volume. 

The results tend to support the modern con- 
cept, as contrasted to certain earlier, less dynamic 
views, concerning the nature of blood volume 
reservoirs (4,5). 


METHODS 


The carbon monoxide method used has been described 
in detail elsewhere (6, 7). Essentially, it involves the in- 


1This work was supported Wy a grant the 
Christine Breon Fund for Medical Research. 


troduction of a carefully measured volume of pure CO 
into a small closed system, through which the subject 
rebreathes for the duration of the experiment, oxygen 
Samples of venous blood taken 
before, and at an interval of 20 minutes or longer after de- 
livery of the gas are analyzed in triplicate for CO by a 
chemical technique utilizing palladium chloride (6). 

The total CO-available volume is calculated by the 
following formula : 


being added as required. 


Vax P 
X 100, 
where Va is the apparent volume of CO which was de- 
livered from the gas burette to the rebreathing system 
corrected to standard conditions of pressure and tem- 
perature, P is a correction factor for purity of the gas, 
and C; and C; the concentrations of CO in whole venous 
blood samples respectively, before, and at an interval of 
20 minutes (or longer) after delivery of the gas. 

For each sample of blood subjected to analysis for 
CO, the packed cell volume was determined, so that the 
total volume of erythrocytes could be calculated 
Figures 2 and 4). The anticoagulant was a mixture of 
ammonium and potassium oxalates (8). Wintrobe hem- 
atocrit tubes of 1 ml. capacity were filled in duplicate 
and centrifuged for 30 minutes at 3,000 r.p.m. Hemato- 
crit values were not corrected for “trapped plasma” (9) 


(see 


because these experiments were concerned only with rela- 
tive changes of volume, not with absolute volumes of 
cells or of whole blood. 

By multiplying values for total CO-available volume 
as obtained from analysis and the hematocrits of the cor- 
responding blood samples, total erythrocyte volumes were 
calculated. The latter quantity reflects existing physio- 
logical conditions more accurately than does total CO- 
available volume because it is not subject to errors of un- 
known magnitude which may result from differences be- 
tween the venous blood and 
“total body hematocrit” at the time of sampling (10). 

The major errors to be considered in using this method 
relate to (1) purity of the stock gas, (2) residual CO in 
the lung-rebreathing space and leakage from this system, 


hematocrit of peripheral 


(3) loss of CO to extravascular pigment stores during 
the interval between delivery of the gas and sampling, 
and (4) accuracy of chemical determination of CO in 
blood before and after delivery of the gas. 
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The purity of the stock CO was measured by absorp- 
tion with Winkler’s cuprous chloride solution using a 
Scholander syringe, assuming the contaminating gas to 
be room air. Each blood volume was appropriately cor- 
rected in terms of this measurement. Suitable precau- 
tions were taken to assure airtight connections in the re- 
breathing system and delivery burette. No correction was 
made for residual CO in the lung-rebreathing space be- 
cause errors arising from this source amount to less than 
1 per cent of the final blood volume when a small re- 
This is in contrast to the 
larger breathing systems 


breathing system is used (6). 
major errors involved with 
(11). 

It is generally accepted that estimates of absolute cir- 
culating red cell volume obtained with CO methods may be 
slightly larger than the true volumes because of CO loss 
to extravascular pigment stores (12). Any such losses 
which may be significant, however, must take place dur- 
ing the earliest phases of mixing because curves obtained 
during prolonged rebreathing show levels of CO in the 
blood which are constant within the limits of analytical 
error for periods of an hour or more! following the initial 
15 minutes of mixing (6, 7, 13-15). Examples of such 
curves (see Figure 1) demonstrate the suitability of this 
method for long experiments of the type reported here, 
where relative changes, rather than absolute values for 
blood volume, are being studied. The CO methods have 
the unique advantage of safety when repeated measure- 


ments at frequent intervals are required, as in these 


experiments. 

With the metinod used, the absolute magnitude of pos- 
sible error introduced by the chemical analysis varies 
directly with the magnitude of the blood volume, be- 
cause the quantity of gas delivered to the subject is 
(approximately 100 ml.) in 


ordinarily the same each 


a 


CO CONCENTRATION (Cy-Cj) ML per 100 ML 


20 30 50 60 
TIME AFTER DELIVERY OF CO - MINUTES 


Fic. 1. CoNcentTRATIONS oF CO IN BLoop 
(Cr-C,) at Various INTERVALS AFTER INTRODUCTION OF 
THE GAS DURING THREE EXPERIMENTS IN WHICH THE 
Supjyects Were at Rest aNp CONNECTED CoNn- 
TINUOUSLY TO THE SMALL REBREATHING SYSTEM 

Small circles represent the magnitude of expected ana- 
lytic error (plus and minus twice the standard error of 
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experiment. In a series of 134 determinations of blood 
volume performed under similar conditions and by the 
same personnel as the experiments described here, the 
standard error of the difference in CO content between 
any pair of samples (Cr-Ci) was found to be 0.026 vol- 
ume per cent (7). From this it may be calculated that, 
in terms of blood volume, 95 per cent of pairs of analyses 
would be expected to give values within + 200 ml. of the 
largest blood volume (6100 ml.) and within + 130 ml. of 
the smallest blood volume (3760 ml.) in the 
course of these experiments. 


observed 


PROCEDURES 


The subjects rested for 30 minutes in a recumbent posi 
tion before any procedure was begun. Room temperature 
was in the neighborhood of 20° C. and subjects were kept 
warm by means of blankets and electric heating pads on 
the feet, as required for comfort. One or, at the most, 
two venipunctures were sufficient for the collection of 
all blood samples. The 18-gauge needle inserted in an 
antecubital vein was kept open by means of a constant, 
very slow infusion of 0.9 per cent saline. Blood was al- 
lowed to flow freely through the needle for at least 15 
seconds before any sample was drawn. 

Venous congestion or arterial occlusion was produced 
by inflation of pneumatic cuffs, 15 cm. in width, sur- 
rounding each thigh just below the groin, and a cuff, 10 
cm. in width, placed high on the left arm. The three cuffs 
communicated with an air reservoir so that they could be 
completely inflated to the desired pressures within 10 
seconds. 

Each of three healthy subjects, two male and one fe- 
male, was subjected to the following experiments. 


Procedure 1 


The experiment was designed to determine whether 
CO-available volume significantly smaller in the 
presence of massive venous congestion than following re- 
lease of the obstruction. The cuffs surrounding the three 
limbs were first inflated to between 0 and 10 mm. Hg be- 
low diastolic arterial pressure. After 10 minutes, a blood 
sample was drawn, the subject began to breathe into the 
closed system, and the CO was delivered. After 20 min- 
utes of rebreathing during which congestion continued, 


is 


a blood sample was drawn for determination of the CO- 
available volume during congestion. The cuffs were then 
released and blood samples drawn at approximately 10- 
minute intervals. Rebreathing was not stopped until the 
last sample had been collected, 18 to 44 minutes after the 
cuffs were released. 


Procedure 2 


The purpose of this procedure was to determine whether 
curves representing time-concentration relationships of 
CO in venous blood might show significant differences in 
contour when made with congestion and without. For 
each subject, a pair df experiments was carried out in 
which CQ concentration was determined at frequent in- 
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tervals following administration of the gas; first, during 
venous congestion which was of similar intensity to that 
used in Procedure 1, and, on another day, under resting 
conditions. Samples of venous blood were collected at 
intervals of 30 to 60 seconds for the first three minutes 
and thereafter less frequently for a total of 20 minutes. 


Procedure 3 


For purposes of comparison, venous time-concentra- 
tion curves were made for each subject with the dye 
T-1824, but only during congestion. It was thought that 
similar curves made without congestion using dye would 
not be of sufficient value to warrant repeated injections of 
T-1824 into subjects often exposed to such procedures. 
After 10 minutes of congestion, at pressures similar to 
those used in Procedures 1 and 2, and while the cuffs 
were still inflated, 5 ml. of an 0.5 per cent solution of 
T-1824 were injected intravenously. Samples of venous 
blood were collected at intervals of 30 seconds for the 
first three minutes and at four, six, nine, 12, 15, and 20 
minutes after delivery of the dye. Concentrations of dye! 
in the serum were measured with the Evelyn photo- 
electric colorimeter (16). 


Procedure 4 


This was carried out in order to measure the approxi- 
mate volume of blood which had been present in the con- 
gested limbs under the conditions of the foregoing ex- 
periments. The procedure was as follows: The cuffs were 
inflated to a pressure which was the same for each sub- 
ject as that used in Procedure 1. After congestion had 
continued at this pressure for 10 minutes, the pressure in 
the cuffs was increased suddenly to 200 mm. Hg or 
higher. A blood sample was then obtained and the CO 
delivered. After rebreathing had continued for 20 min- 
utes, a sample of blood was taken for estimation of CO- 
available volume of the body, exclusive of those portions 
separated from the circulation by means of the arterial 
tourniquets. The cuffs were then released and rebreath- 
ing and intermittent sampling continued for periods of 
6% to 30 minutes. 


Procedure § 


In order to determine the volume of blood contained 
in the three extremities of each subject when not con- 
y gested, thus permitting calculation of the relative in- 
crease of vascular volume caused by congestion, a pro- 

cedure was carried out which was identical to Procedure 
4, except that arterial occlusion was not preceded by 
a congestion. 


RESULTS 


1. CO-available volume during and immediately 
after congestion 


Figure 2 shows the results obtained with two 
subjects when CO-available volume was deter- 
mined during venous congestion and after release 
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CO -AVAILABLE VOLUME - ML. 


HEMATOCRIT 403 86467 471 40.6 40.2 


Fic. 2. CO-AvaILaBLE VoLUME, MEASURED DURING 
ConcESTION OF THREE EXTREMITIES BY PNEUMATIC 
CurFs, AND AFTER RELEASE OF THE CUFFS, IN Two 
SuBjJEcTS 


Cuff pressures, which are indicated at top of chart, 
were just below diastolic arterial pressure. Blood sam- 
ples for determination of congested volume were taken 
20 minutes after delivery of the gas, and after cuffs had 
been in place for 30 minutes. Subjects rebreathed through 
a closed system throughout. Here, and in Figure 4, full 
columns represent total CO-available volume and shaded 
portions the total cell mass, calculated from hematocrits 
shown below. Small bars beside columns represent the 
range of total CO-available volumes equivalent to plus 
and minus two standard errors of the CO concentration 


(Ce-Ci). 


of the congesting cuffs (Procedure 1). The con- 
gesting pressure used for J. J. S. was 85 mm. Hg, 
and for E. B., 65 mm. Hg. 

In both the experiments illustrated, the total 
erythrocyte mass measured during congestion was 
the same as that found after the cuffs were re- 
leased. The slight increase of plasma volume 
which occurred in each subject following release 
of the cuffs, and which was reflected by a falling 
hematocrit, could be attributed to reabsorption of 
extracellular fluid which had been filtered from 
the capillaries of the limbs during the previous 30 
minutes of massive congestion. Although for this 
reason total CO-available volume tended to be 
slightly greater after release of the cuffs than dur- 
ing congestion, the difference was within the limits 
of error of the method, as shown by the chart. 
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Left. Tirae-concentration curves of CO under resting conditions (open circles and dotted 
lines) and during congestion of three extremities (solid circles and solid lines). 

Right. Time-concentration curves for T-1824 during congestion of three extremities and fol- 
lowing release of cuffs. Dye-concentrations are expressed as the equivalent “L” values (14). 


2. Time-concentration curves of CO and T-1824 
with and without congestion 


The time-concentration curves of CO and T- 
1824 which were obtained by Procedures 2 and 3 
are shown in Figure 3. At the left side of the 
figure are seen the CO curves obtained for each 
subject (a) during congestion of three extremities 
at pressures just below diastolic arterial pressure 
(solid circles and solid lines) and (6) at a dif- 
ferent session, without congestion (open circles 
and broken lines). The final concentration of CO 
after 20 minutes of rebreathing was not the same 
in each pair of experiments because the quantity 
of gas delivered was not exactly the same nor was 
the blood volume of each subject necessarily the 
same on each occasion. 

All the curves, whether obtained with or with- 
out congestion, show irregularities and peaks dur- 
ing the first 10 minutes and become essentially flat 
after 15 minutes of rebreathing. In all three pairs 
of experiments, the curves obtained during con- 


gestion had more conspicuous peaks and remained 
higher than the final level for longer times than did 
the curves obtained without congestion. This is 
seen by direct inspection in the case of subject 
J. J. S. (Figure 3, center, left) where the final 
concentrations of CO happened to be the same 
in both experiments. It can be shown to be true 
also for the other two subjects where, even if cor- 
rections are made to bring the curves to the same 
final concentration, the curves during congestion 
still lie well above the curves obtained without 
congestion during the first 10 to 12 minutes of re- 
breathing. 

To the right in Figure 3 are shown the time- 
concentration curves for T-1824 which were made 
for the three subjects during congestion. In gen- 
eral shape, these resemble the CO curves which 
were made during congestion. In each instance, 
the concentration of the dye in venous serum be- 
came constant within 12 to 15 minutes after in- 
jection. After release of the congesting cuffs, the 
concentration began to diminish. 
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3. Total blood volume measured during rest and 
during venous congestion on different oc- 
casions 


Table I shows the results of measurements of 
the blood volume made under resting conditions 
and the volumes determined in the various con- 
gestion experiments described. In each case the 
concentration of CO or T-1824 found in the blood 
sample taken 20 minutes after delivery of CO or 
dye was used as the basis for calculations. As 
would be expected from inspection of the time- 
concentration curves, and from the results of the 
experiments in which CO-available volume was 
measured during congestion and just after release 
of the cuffs (Procedure 1), no significant differ 
ences were seen between the results of blood vol- 
ume determinations made during massive conges- 
tion and those made under similar conditions with- 
out congestion. 


4. Measurements of the volume of blood contained 
in the congested extremities 


It was important to determine the approximate 
fraction of the total blood volume which had been 


TABLE I 


Summary of blood volume determinations made with CO and 
T-1824 under resting conditions and during con- 
gestion of three extremities by means 
of pneumatic cuffs 


Apparent total 
blood volume* : 
sii | Dae 
Uncon- | Con- 
gested | gested 
ml./ 
ml. ml. mm. Hg 100 mil. 
Feb. 5| 5,360 co 45.5 
Mar. 13} 5,880 CO; 1 45.5 
5,880 | 60 co 45.45 
Jul. 29 §,650 |} 85 co 48.3 
Apr. 17 5,830 | 60 | T-1824}| 44.6 
Feb. 20| 5,060 Co 46.55 
Mar. 27} 6,100 co 45.6 
Apr. 5,740 co 45.55 
Apr. 3 5,640 70 42.25 
Apr. 10 5,670 75 | T-1824] 43.35 
Dec. 3] 4,800 co 38.6 
Mar. 25} 5,040 co 39.3 
E. B: Apr. 8 4,710 70 co 39.55 
Aug. 8 4,900 | 65 co | 40.8 
Apr. 15 4,590 64 | T-1824] 39.15 


* Based on blood samples taken 20 minutes after de- 
livery of the indicator. 


ee AFTER RELEASE OF CUFFS 
amin, «mia. } 
OURING 
CONGESTION AT 
COmm ig 
3 
3 
< 
cats 
HEMATOCRIT 48.6 456 463 476 455 


Fic. 4. CO-AvaAILaBLE VOLUME MEASURED DURING 
A SINGLE EXPERIMENT WHILE THE CIRCULATION TO 
Born Lecs aNp One Arm Was OccLupep By CUFFS 
INFLATED TO 200 mM. Ho, FoLLow1nGc 10 MINUTES OF 
CoNGEsTION AT CuFF Pressures oF 60 MM. He (First 
CoLuMN) AND AT ONE, Two, THREE AND 11 MINUTES 
AFTER RELEASE OF TOURNIQUETS (Last Four Co_uMNs) 


Subject was connected to rebreathing system through- 
out. (Data are represented as in Figure 2.) 


contained in the congested extremities of each 
subject during the experiments described. Fig- 
ure 4 illustrates the results of a typical experiment 
employing Procedure 4. The first column shows 
total CO-available volume and total erythrocyte 
volume while the congested extremities were ex- 
cluded from the circulation by means of arterial 
tourniquets. Columns 2, 3, 4, and 5 show the 
changes in CO-available volume after release of 
the occluding and congesting cuffs. At the time 
of the final sampling, 11 minutes after release of 
the cuffs, an increase of 1370 ml. had occurred in 
CO-available volume, and of 610 ml. in total 
erythrocyte volume, amounting to increases of 25 
per cent in both total volume and erythrocyte vol- 
ume. Results of the three experiments carried out 
in this fashion are summarized in Table II. The 
increases of volume following release of arterial 
tourniquets were between 20 and 28 per cent of 
the final CO-available volumes; in other words, 
between one-fifth and one-fourth of the total blood 
volume of each subject was involved in the three 
congested limbs. 

In each of the three experiments, release of the 
tourniquets and return of the previously pooled 
blood to more active circulation resulted in tran- 
sient severe hyperpnea, a further evidence of the 
extent to which venous return from the limbs had 
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TABLE Il 


Increases of total CO-available volume and of erythrocyte volume, compared with final volumes 
after release of arterial tourniquets 


Increase of volume 6} to 11 


minutes after re 


occluding cuffs 


Final volume 6 
minutes after re! 


toll 


occluding cuffs 


Percentage increase after 
release of cuffs 


Total 
(ml.) 


Cells 
(ml.) 


Total 
(ml.) 


Cells 
(ml.) 


Total 
(%) 


Cells 
(%) 


(mm. Hg) 


Procedure 4—Limbs congested by pneumatic cuffs for 10 minutes before application of tourniquet 


pressure 


5,370 
5,880 
4,680 


2,440 
2,820 
1,870 


60 
75 
65 


Procedure 5—No congestion prior t 


0 application of tourniquet pressure 


S. 


630 


2,590 


J 
J 


310 
440 
E.B 


900 
720 260 


11, 
2,700 15. 
1,800 16. 


been impeded by the congesting cuffs. Similar 
hyperpnea did not follow release of the tourniquets 
in the experiments where arterial occlusion was 
not preceded by congestion (Procedure 5). 
Comparison of the results obtained by Proce- 
dure 4 with those of Procedure 5, in which the vol- 
ume of blood in the limbs was estimated without 
congestion, showed that, for each subject, the 
blood content of the extremities had been approxi- 
mately doubled by congestion (see Table IT). 


DISCUSSION 


The congestion which was imposed on the limbs 
in these experiments was made as extensive and 
as severe as possible, in order that circulatory 
stasis as it occurs clinically might be matched or 
exceeded. The experimental conditions could not 
simulate exactly the disturbances of blood distri- 
bution which may occur in heart failure, preg- 
nancy, or shock for several reasons. First, the 
total blood volume of the healthy subjects was not 
increased, as it may be in congestive failure and 
pregnancy. Second, the experimental congestion 
was local and confined to the limbs rather than 
general and including the splanchnic and pul- 
monary circuits. Third, the pressure imposed on 
the veins of the experimental subjects was much 
higher than is ordinarily found clinically. Thus, 
whereas the total area of distribution of the con- 
gested regions might have been smaller, and the 
total volume of blood involved less, the intensity 


of the congesting pressure was considerably greater 
in the experimental situation than in any of the 
clinical states under consideration. 

The results of experiments designed to meas- 
ure the vascular volume of the limbs (Procedures 
4 and 5) showed that a large fraction of the cir- 
culatory volume, in the ne ghborhood of one-fifth 
to one-fourth of the total blood volume, was con- 
tained in the congested regions under the condi- 
tions of the experiments. Further, it was shown 
that the vascular volume of the three extremities 
of each subject was approximately doubled by 
congestion. These estimates of volume, with and 
without congestion, are in surprisingly close agree- 
ment with results of similar studies made by others 
using slightly different techniques (11, 17). Use 
of a closed rebreathing system and of CO per- 
mitted measurement of blood volume while the 
tourniquets were in place and at intervals after 
release during a single experimental session. In 
the earlier studies in which the dye T-1824 was 
used, it was necessary to make determinations of 
blood volume, first with the circulation intact, and 
again, on another day, with arterial tourniquets 
in place (17). 

It is probable that in all of these experiments 
involving arterial tourniquets, pressures distal to 
the occluding cuffs were slightly raised during the 
period of complete occlusion. For this reason, the 
grade of congestion which was present during 
measurement of vascular volume by means of 
Procedure 4 might have been somewhat higher 


Subject prior to 
occlusion 
1,370 610 25.5 25.0 
iia 1,630 820 27.8 29.1 
eh 920 420 19.7 22.5 
See 5,320 8 12.0 0 
5,740 7 16.3 0 
i. 4,360 5 14.4 0 
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than that which existed during Procedures 1, 2, 
and 3, but the difference was presumably slight 
(18). It is certain that the rate of blood flow 
through the congested extremities was greatly 
diminished at the same time that the volume of 
blood contained in them was approximately dou- 
bled. Information is lacking on which to base an 
exact quantitative estimate of the decrement in 
flow (19). 

It seems reasonable to conclude that the condi- 
tions of the experiments were sufficiently severe 
with respect to the volume of blood involved and 
the degree of obstruction to venous outflow, to 
permit critical testing of methods for measurin 
blood volume in clinical conditions plosemtes 
by massive pooling of blood. 

The results of Procedures 1 and 2 have proved 
that the mixing period of 20 minutes which is 
usually employed with the CO method is more 
than sufficient for complete equilibration between 
the inspired gas and the entire volume of blood, 
even when a considerable p~-tion of the circulat- 
ing blood is moving at reduced speed in regions 
of congestion. Observations made with the dye 


T-1824 were somewhat less complete (Procedure 
3, Table I), but these also support the conclusion 
that with sampling periods of 15 minutes or 
longer, and using either CO or dye, the total 
blood volume, and not merely the fraction of the 
blood which is circulating most rapidly, is reached 


by the indicator. These observations are in 
agreement with conclusions drawn from earlier 
experiments (20), in which the dye concentra- 
tions of venous bloods from upper and lower 
extremities were compared at various times after 
injection of dye during quiet standing and during 
recumbency. 

At the time this series of experiments was being 
planned, it was thought that the time-concentra- 
tion curves for CO and T-1824 which were made 
while the limbs were congested might prove to 
have distinctive contours as compared with curves 
made when congestion was not present (20-22). 
If this were the case, venous mixing curves might 
prove to have clinical value as a means of discov- 
ering the presence of vascular pools in regions 
where detection by more direct means is difficult, 
such as in the pelvic circulation during pregnancy. 
It was found, however, that the curves made with 
and without congestion were essentially the same 
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in contour, even though in each pair of curves 
the one made during congestion had a slightly 
higher initial peak than the one made under rest- 
ing conditions. Clearly, the presence of regional 
or general venous congestion could not be sus- 
pected, nor could any estimate concerning the 
relative magnitudes of “effective” versus total 
blood volume be made by simple inspection of 
individual mixing curves such as this if obtained 
under uncontrolled clinical conditions. 

Conclusions are not justified here concerning 
the validity of plasma volume determinations made 
with T-1824 during limb congestion, because of 
the small number of experiments carried out with 
this substance. Difficulties have been encountered 
in using this method for studies of exercise (23) 
and shock where it became necessary to make 
indirect calculations of dye loss because of capil- 
lary leakage during the sampling period (24). 
When capillary pressure is greatly increased in 
the limbs, and probably to an even greater extent 
when visceral engorgement exists, the rates of 
loss of both fluid and protein from the blood 
stream are increased and the rate of lymphatic 
return uncertain (3, 25, 26). Under such cir- 
cumstances, methods depending on labelling of 
erythrocytes have the advantage that total circulat- 
ing red cell volume can be determined directly. 

The results reported in this paper, together with 
a number of other observations (4, 20, 27-30) are 
in conflict with certain views which were expressed 
in the early literature on blood volume, concerning 
the nature of blood reservoirs (5). The brilliant 
studies of Barcroft on the functions of the spleen 
in animals (31) and certain studies by Wollheim 
on man (32a, b, c) provided a basis for the con- 
cept that important fractions of the blood, dispro- 
portionately rich in erythrocytes, could be se- 
questered in such depots as the spleen and the 
subpapillary venous plexus of the skin, where they 
might remain relatively static until returned to 
active circulation. 

Barcroft’s observations apparently do not apply 
to the spleen of normal man (4, 28-30). Woll- 
heim was led by his experimental results to the 
conclusion that total blood volume, including both 
cell and plasma fractions, was diminished by sev- 
eral hundred milliliters during congestion which 
was similar in extent and intensity to that used 
in our experiments (32a, b, c). However, it can 
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be shown that the apparently conflicting results 
of the earlier studies were subject to a systematic 
error brought about by the use of premature 
sampling. 

At the time Wollheim’s studies were made, in- 
formation was lacking concerning the time re- 
quired for complete mixing of dyes in the blood 
stream. Inspection of the mixing curves obtained 
in the present study (Figure 3) demonstrates that 
at the sampling time used by Wollheim (three to 
six minutes), all of the curves were passing 
through their maxima, the peaks for the “con- 
gested” curves being higher than for the “un- 
congested” ones. Calculations based on samples 
taken at these time intervals after injection of the 
dye would lead to estimates of volume which are 
smaller than the true volume, and the error in this 
direction would be greater when congestion is 
present than under resting conditions. 

It is possible to calculate, for each subject used 
in the present series, the apparent blood volume 
that would be obtained from the_concentration of 
CO found in a five-minute and a 20-minute sam- 
ple, with and without congestion, using the data 
from which Figure 3 was constructed. The data 
and results of these calculations appear in Table 
III and provide quantitative evidence concerning 
the magnitude of error which is introduced by 
premature sampling, both with congestion and 
without. The error in the direction of too small 
a CO-available volume is about twice as great 
(as much as 790 ml.) if the limbs are congested 
as that if there is no congestion (as much as 260 
ml.). Examination of the time-concentration 
curves for T-1824 (Figure 3, right) shows that 
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similar errors may be expected from premature 
sampling when this dye is used. 

Although the results reported here are directly 
applicable only to the circulation in the extremi- 
ties, they lend support to a relatively dynamic 
concept of blood volume reservoirs, in which these 
are regarded as regions of the circulation which 
are capable of accepting large volumes of blood, 
and through which blood of normal concentration 
continues to flow at varying rates. The relative 
accessibility of blood pooled in the limbs has been 
demonstrated by the marked similarities in shape 
between the time-concentration curves of CO 
made with and without congestion. Alterations 
in the dynamics of mixing were manifested only 
by the slight differences in contour appearing dur- 
ing the first 15 minutes after introduction of the 
gas. “hus, it is found that when sampling is 
delayed for at least 15 minutes after introduction 
of the indicator, total erythrocyte volume, whether 
measured with CO (27), as was done here, or 
indirectly by means of dyes (20), appears to be 
the same, with or without congestion. Total blood 
volume and plasma volume are smaller if meas- 
ured during congestion only by the small fraction 
of plasma fluid which may be lost through filtra- 
tion, while venous and capillary pressures are 
elevated during congestion (Figure 2) (20, 25- 
27). 

It may be concluded that the presence of mas- 
sive venous congestion does not cause delay in 
mixing of CO or of dyes to an extent which is 
sufficient to interfere with determinations of blood 
volume, provided blood samples are taken after 
an interval of not less than 15 minutes following 


TABLE Ill 


Comparisons between apparent CO-available volumes obtained from blood samples iaken five minutes and 20 minutes 
after delivery of CO, under resting conditions and during congestion 


Volume of CO 


Experiment delivered 


Calculated CO-available 
volume 


Difference between 
result based on 


5 min. and on 


20 min. 20 min. sample 


Without congestion 
With congestion 


ml./100 ml. ml. 
— 360 


Without congestion 
With congestion 


Without congestion 
With congestion 


j 
2 
4 
Subject 
ml. ml./100 ml. 
113.5 2.23 1.93 5,090 5,880 —790 
J.H. 109.4 1.89 1.80 5,800 6,090 —290 
ree 111.4 2.25 1.97 4,950 5,650 —700 a 
4 ae E. B. 113.9 2.26 2.26 5,030 5,030 0 : 
met 115.4 2.66 2.45 4,350 4,710 —260 : 
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delivery of the indicator. Under such circum- 
stances, total, rather than merely “effective,” 
blood volume is measured. 


SUMMARY 


1. The blood volume of three heaithy human 
subjects was measured by a CO method involving 
a closed rebreathing system (a) under resting 
conditions, and (b) during and after release of 
venous congestion of three extremities produced 
by pneumatic cuffs inflated to pressures just below 
the diastolic level. 

2. Time-concentration curves for venous blood; 
were made, using CO under resting conditions 
and CO and T-1824 during venous congestion. 

3. The volume of blood contained in the con- 
gested extremities was measured and found to be 
in the neighborhood of one-fifth to one-fourth of 
total blood volume. 

4. It was found that when a mixing time of 
20 minutes or longer is allowed after delivery of 
the gas, CO-available volume is the same, whether 
or not venous congestion of the extremities is 
present. 

5. Congestion of the extremities was found to 
produce consistent, slight changes in contour of 
time-concentration curves for CO, particularly 
during the earliest phases of mixing. These 
changes in contour were not sufficiently striking 
to permit use of such curves for estimating the 
presence or degree of venous pooling. Because 
of the characteristics of the curves, the use of 
sampling periods shorter than 15 minutes may 
cause errors in the direction of falsely low blood 
volumes. 

6. It is concluded that the presence of massive 
congestion of the extremities does not interfere 
with complete admixture of CO or T-1824 with 
the entire blood volume within 20 minutes, and 
that with the CO method employed, total, rather 
than only “effective,” blood volume is measured. 

7. The results have been discussed in relation 
to some concepts concerning the nature of blood 
volume reservoirs. 


REFERENCES 


1. Linhard, J., A dye-method for determining the blood 
volume in man. Am. J. Physiol., 1926, 77, 669. 

2. Gibson, J. G., 2nd, and Evans, W. A., Jr., Clinical 
studies of the blood volume. I. Clinical applica- 


tion of a method employing the azo dye “Evans 
Blue” and the spectrophotometer. J. Clin. Invest., 
1937, 16, 301. 

3. Peters, J. P., The role of sodium in the production 
of edema. New England J. Med., 1948, 239, 353. 

4. Ebert, R. V., and Stead, E. A., Jr., Demonstration 
that in normal man no reserves of blood are mo- 
bilized by exercise, epinephrine, and hemorrhage. 
Am. J. M. Sc., 1941, 201, 655. 

5. McDowall, R. J. S., The Control of the Circulation 
of the Blood. Longmans, Green & Co., New York, 
1938. 

6a. Hopper, J., Jr.. Tabor, H., and Winkler, A. W., 
Simultaneous measurements of blood volume in 
man and dog by means of Evans blue dye, T-1824, 
and by means of carbon monoxide. I. Normal 
subjects. J. Clin. Invest., 1944, 23, 628. 

b. Hopper, J., Jr., Winkler, A. W., and Elkinton, J. R., 
Simultaneous measurements of blood volume in 
man and dog by means of Evans blue dye, T-1824, 
and by means of carbon monoxide. II. Under ab- 
normal conditions, including secondary shock. J. 
Clin. Invest., 1944, 23, 636. 


7. Mudrick, C., Hopper, J., Jr., Brown, E., and Talbot, 
J. C., In preparation. 

8. Heller, V. G., and Paul, H., Changes in cell volume 
produced by varying concentrations of different 
anticoagulants. J. Lab. & Clin. Med., 1933-34, 
19, 777. 

9. Chapin, M. A., and Ross, J. F., The determination of 


the true cell volume by dye dilution, by protein 
dilution, and with radioactive iron. The error of 
the centrifuge hematocrit. Am. J. Physiol., 1942, 
137, 447. 

10. Gibson, J. G., 2nd, Peacock, W. C., Seligman, A. M., 
and Sack, T., Circulating red cell volume measured 
simultaneously by the radioactive iron and dye 
methods. J. Clin. Invest., 1946, 25, 838. 

11. Asmussen, E., On determination of blood volume by 
carbon monoxide method. Acta physiol. Scan- 
dinav., 1942, 3, 156. 

12. Root, W. S., Roughton, F. J. W., and Gregersen, 
M. L., Simultaneous determinations of blood volume 
by CO and dye (T-1824) under various condi- 
tions. Am. J. Physiol., 1946, 146, 739. 

13. Chang, H. C., and Harrop, G. A., Jr., The determina- 
tion of the circulating blood volume with carbon 
monoxide. J. Clin. Invest., 1928, 5, 393. 

14. Killick, E. M., The nature of the acclimatization oc- 
curring during repeated exposure of the human 
subject to atmospheres containing low concentra- 
tions of carbon monoxide. J. Physiol., 1948, 107, 
27. 

15. Courtice, F. C., and Gunton, R. W., The determina- 
tion of the blood volume in man by the carbon 
monoxide and dye methods. J. Physiol., 1949, 
108, 142. 


» 
— 
3 i } 
| 
— 
= 
J 
« 
| 
4 
i 
: \ 


1450 


16. Gibson, J. G., 2nd, and Evelyn, K. A., Clinical Studies 
of the blood volume. IV. Adaptation of the method 
to the photoelectric microcolorimeter. J. Clin. 
Invest., 1938, 17, 153. 

. Ebert, R. V., and Stead, E. A., Jr., The effect of the 
application of tourniquets on the hemodynamics of 
the circulation. J. Clin. Invest., 1940, 19, 561. 

. Wilkins, R. W., and Bradley, S. E., Changes in 
arterial and venous blood pressure and flow distal 
to a cuff inflated on the human arm. Am. J. 
Physiol., 1946, 147, 260. 

. Friedland, C. K., Hunt, J. S., and Wilkins, R. W., 
Effects of changes in venous pressure upon blood 
flow in the limbs. Am. Heart J., 1943, 25, 631. 

. Thompson, W. O., Thompson, P. K., and Dailey, 
M. E., The effect of posture upon the composition 
and volume of the blood in man. J. Clin. Invest., 
1927-28, 5, 573. 

. Nylin, G., and Pannier, R., L’influence de 1’ortho- 
statisme et du shock sur la vitesse circulatoire 
déterminée 4 l’aide du phosphore radioactif. Arch. 
Int. Pharm. et Thér., 1947, 73, 401. 

. Nylin, G., The dilution curve of activity of arterial 
blood after intravenous injection of labeled cor- 
puscles. Am. Heart J., 1945,' 30, 1. 

. Ebert, R. V., and Stead, E. A., Jr., An error in 
measuring changes in plasma volume after exer- 
cise. Proc. Soc. Exper. Biol. & Med., 1941, 46, 
139. 

. Noble, R. P., and Gregersen, M. I., Blood volume in 
clinical shock. I. Mixing time and disappearance 
rate of T-1824 in normal subjects and in patients 


E. BROWN, J. HOPPER, JR., J. J. SAMPSON, AND C. MUDRICK 


in shock; determination of plasma volume in man 
J. Clin. Invest., 1946, 


from 10-minute sample. 
25, 158. 

. Landis, E. M., and Gibbon, J. H., Jr., The effects of 
temperature and of tissue pressure on the move- 
ment of fluid through the human capillary wall. 
J. Clin. Invest., 1933, 12, 105. 

. Landis, E. M., Jonas, L., Angevine, M., and Erb, W., 
The passage of fluid and protein through the hu- 
man capillary wall during venous congestion. J. 
Clin. Invest., 1932, 11, 717. 

. Waterfield, R. L., The effects of posture on the cir- 
culating blood volume. J. Physiol., 1931, 72, 110. 

. Yang, C. S., and Chang, H. C., The effect of adrena- 
line on the circulating blood volume in individuals 
with normal and enlarged spleens and after sple- 
nectomy. Chinese J. Physiol., 1930, 4, 21. 

. Nylin, G., The effect of heavy muscular work on the 
volume of circulating red corpuscles in man. Am. 
J. Physiol., 1947, 149, 180. 

30. Nylin, G., The effect of adrenalin injected intra- 
venously on the volume of circulating « ythrocytes. 
Acta cardiologica, 1946, 1, 225. 

31. Barcroft, J., Recent knowledge of the spleen. Lancet, 
1925, 1, 319. 

32a. Wollheim, E., Die pestimmung der zirkulierenden 
Blutmenge. Ztschr. f. klin. Med., 1928, 108, 463. 

b. Wollheim, E., Zur funktionellen Bedeutung der 
Cyanose. Ztschr. f. klin. Med., 1928, 108, 248. 

c. Wollheim, E., Zur Funktion der subpapillaren Gefass- 
plexus in der Haut. Klin. Wchnschr., 1927, 6, 
2134. 


| 
> 
' 
pa 
‘a 
: 
‘ 
NG 
cle, 
q 
aby, 
| 
| 
| 
4 
| 
Re 
‘ 


QUANTITATIVE ANTIBODY STUDIES IN MAN. 
CF ADRENAL INSUFFICIENCY AND OF CORTISONE ON 
THE LEVEL OF CIRCULATING ANTIBODIES * 


By DANIEL L. LARSON? anp LOIS J. TOMLINSON 


I. THE EFFECT 


(From the Department of Medicine of the College of Physicians and Surgeons, Columbia Uni- 


Investigators have for many years been inter- 
ested in the relation of the adrenal gland to anti- 
body formation. Observations made in animals 
have frequently led to conflicting results. The 
effect of adrenalectomy on antibody titres has been 
studied and has been shown to be associated with 
an elevation (1-3), a depression (4), and no 
change (5-8). The effect of ACTH or cortisone 
on antibody levels in the acute experiment has re- 
sulted in an elevation (1, 5, 9-11), no change (8, 
12), and a depression (13). The effect of ACTH 
or cortisone on antibody levels in the chronic ex- 
periment has resulted in an elevation (9), a de- 
pression (14, 15) and no change (16, 17). Ob- 
servations in man on the effects of ACTH or corti- 
sone on antibody levels have failed to demonstrate 
a change in either the acute (18-20) or chronic 
(21, 22) experiment. In previous studies on hu- 
mans, antibody measurements have not been based 
on techniques which lend themselves to precise 
measurement. The purpose of this paper is to 
present observations on the effect of adrenal in- 
sufficiency and of cortisone administration on anti- 
body titres in man using quantitative immuno- 
chemical techniques. 


MATERIALS AND METHODS 


The method of Heidelberger and MacPherson for the 
quantitative determination of precipitable antibody ni- 
trogen was used throughout the experiments (23). Type- 
specific capsular polysaccharides of pneumococcus types 
I and II were used as antigens. Since complement and 
C-antibody may add nitrogen to specific precipitates (24, 
25), these were removed before the analysis of the spe- 
cific precipitates was carried out. Since heat inactivation 
may damage antibody present in low concentration (25), 
all sera were de-complemented with a system of crystal- 
line ovalbumin and rabbit antiovalbumin serum. The 


1 Aided by a grant from the American Cancer Society 
on recommendation of the National Research Council. 
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C-antibody was removed with C-polysaccharide derived 
from a type III or type VII pneumococcus. Results are 
expressed as micrograms of precipitable antibody nitro- 
gen per 4 milliliters of serum. All materials were sup- 
plied through the generosity of Dr. Michael Heidelberger. 

Individuals used in this study were from the hospital 
and clinic population of the Presbyterian Hospital. The 
patients used as controls were diagnosed as having peptic 
ulcer or arteriosclerotic heart disease. The five patients 
with adrenal insufficiency had the characteristic clinical 
and laboratory findings of Addison’s disease. Desoxy- 
corticosterone acetate was administered to four of the 
five patients during the test period. Although there is 
little evidence available in the literature, it has been 
shown that in animals DCA does not appear to influence 
antibody titres (10). The cortisone treated group were 
patients with rheumatoid arthritis receiving 200 milli- 
grams of the drug by mouth three times each week. 
Cortisone treatment was started at least two weeks be- 
fore immunization and was continued throughout the test 
period. No other medications were given. As an ad- 
ditional control group, eight patients with untreated 
rheumatoid arthritis were included in this study.’ Fol- 
lowing a preliminary bleeding, each of the subjects was 
given 0.08 milligrams each of types I and II pneumococcus 
polysaccharides subcutaneously. Post-immunization bleed- 
ings were obtained at two and four weeks. 


RESULTS 


As can be seen from Table I, the 12 normal in- 
dividuals exhibited responses similar to those ob- 
served by Heidelberger and associates (25, 26). 
C-antibody was present in all sera tested and there 
was no rise in the titres of C-antibody in spite of 
sizeable changes in antibody to the type-specific 
capsular polysaccharides. Pre-immunization anti- 
polysaccharide titres were low or not detectable. 
Maximum antibody titres were usually achieved 
by two weeks after immunization. A good re- 
sponse to one antigen was not necessarily accom- 
panied by a similar response to the other antigen. 


8 Patients with arthritis used in this study were made 
available through the courtesy of Dr. Charles Ragan. 
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TABLE I 
Antibody formation in normal humans 


TABLE II 
Antibody formation in patients with adrenal insufficiency 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Antibody to* 


2 weeks post- 


Pre-immuni- 2 s 
immunization 


zation 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Antibody to* 


2 weeks post- 


Pre-immuni- 
i immunization 


zation 


46 
3 


— N w 


w 


1 
8 
7 
0 
0 
6 
0 
0 
II 39 
1 
3 
2 
0 
0 
3 
0 
2 


*Letter and number refer to specific polysaccharide 
precipitinogen used. 


Table II shows the data obtained on the antibody 
formation in five patients with adrenal insufficiency. 
It can be seen that there is no departure from the 
behavior of the control group. 

In Table III data are presented on eight patients 
with untreated rheumatoid: arthritis. It is ap- 
parent that the responses are similar to those ob- 
served in the group of controls. Table IV in- 
cludes the figures for nine patients in the cortisone- 


10 
0 
1 


23 


_*Letter and number refer to the polysaccharide pre- 
cipitinogen used. 


treated group. There does not appear to be any 
impairment of antibody formation among those 
receiving cortisone, and, indeed, three of the nine 
patients demonstrated unusually high post-immuni- 
zation titres. 

Data are presented in Table V on two patients 
with rheumatoid arthritis who were immunized 
two weeks before the administration of cortisone. 
Patient No. 64 received 300 milligrams of cortisone 
and patient No. 67 received 200 milligrams of cor- 
tisone on the first day of treatment. Both patients 
were then given 100 milligrams of cortisone daily 
over the next four weeks. Antibody titres were 
determined at three hour intervals in the period 
immediately following the first dosage of cortisone 
as well as after four weeks of the drug. The data 
indicate that with the dosages used, cortisone ex- 
hibited no effect on previously elevated antibody 
titres. 


COMMENT 


Some of the conflicting evidence in the literature 
on the relation of adrenal activity to antibody levels 
may be resolved on the basis of species differences, 
as suggested by Mirick (21). Many of the re- 
sults were obtained with techniques which do not 
permit direct comparison of the data from one 
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TABLE Ill 


Antibody formation in patients with untreated 
rheumatoid arthritis 


TABLE IV 


Antibody formation in cortisone-treated patients 
with rheumatoid arthritis 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Post-immunization 
Pre-immu- 
zation 


Four weeks 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Post-immunization 
Pre-immu- 
nization 


Two weeks 


ty 


| 


COD 


2NAQ NANH NHH YNHH UHH 
w 


*Letter and number refer to the polysaccharide pre- 
cipitinogen used. 
t See Table V. 


laboratory to another. Three groups of observers, 
however, using precise immunochemical tech- 
niques, have described the effect of cortisone and 
ACTH on antibody formation in the rabbit. De- 
Vries reported the effect of a single dosage of 50 
milligrams of ACTH on the titre of rabbit anti- 
egg albumin in an acute experiment (13). Some 
of the animals were noted to have a significant drop 
in precipitable antibody nitrogen within nine hours, 
but as noted by the author, a serum dilution effect 
may have influenced the results. Germuth and 
Ottinger noted a striking decrease in rabbit anti- 
egg albumin production when cortisone in dosage 
of 10 milligrams per day was administered con- 
comitantly with the antigen (15). ACTH in 
dosage of 10 milligrams per day produced a similar 
but less marked effect. Bjgrneboe, Fischel, and 


w 


* Letter and number refer to polysaccharide precipitino- 
gen used. 


Stoerk studied the production of polyvalent rabbit 
anti-pneumococcal serum using 10 milligrams per 
day of cortisone and up to 3 milligrams per day 
of ACTH (14). Their results were in agreement 
with those obtained by Germuth, although some- 
what less dramatic. In addition, the effect was 
the same whether the drugs were given during 
the period of active immunization or to animals 
with previously elevated antibody titres. The 
dosages of cortisone used in the experiments on 
rabbits were considerably in excess of those used 
clinically when calculated on the basis of body 
weight. 

There is evidence to suggest that the amount of 
antibody produced may be in part dependent upon 
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Two weeks | _ | Four weeks 
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46 15 20 

56 120 72 

: 67 36 78 38 34 2 
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TABLE V 
Effect of cortisone on previously elevated antibody titers in two patients with rheumatoid arthritis 


Micrograms of antibody nitrogen per 4 milliliters of serum 


2 weeks post- 


Time after cortisone 


immunization 


26 
0 
0 


67t 


38 
2 
0 


* Initial dosage cortisone 300 mg. 
t Initial dosage cortisone 200 mg. 
} Letter and number refer to po 


a local inflammatory reaction at the site of deposi- 
tion of the antigen and cortisone in adequate dos- 
age may inhibit this inflammatory reaction and 
thus interfere with a maximal antibody response 
(27,28). During the course of these experiments, 
no clinical difference was observed in the local in- 
flammatory response to the antigen in the corti- 
sone-treated group as opposed to the control group. 
Moreover, there did not appear to be any relation 
between the severity of the local reaction and the 
subsequent antibody titre. The failure of corti- 
sone to influence circulating antibody titres in man 
may be a reflection of dosage as well as a species 
difference. 

The conflicting evidence on antibody formation 
in adrenalectomized animals is difficult to explain. 
Early studies (2-4, 6) were done on adrenalec- 
tomized animals not maintained on any specific re- 
placement therapy and the protocols indicate a high 
post-operative mortality rate. Jaffe and Marine 
(2), however, noted that the increased antibody 
formation was apparent only if the antigen was 
given soon after adrenalectomy. With a six-week 
interval between adrenalectomy and immunization, 
there was no increase in antibody formation. The 
present studies are not strictly comparable to those 
carried out in adrenalectomized animals since pa- 
ients with Addison’s disease may conceivably have 
some functional adrenal cortical tissue. The find- 
ing that patients with adrenal insufficiency do not 
exhibit any impairment or increase in antibody 
formation is in agreement with the quantitative 
data obtained in animals by Eisen and associates 


ysaccharide precipitinogen used. 


(5) and hemolysin formation as reported by 
Thatcher, Houghton, and Ziegler (8). 


SUMMARY 


1. Quantitative immunochemical studies have 
been carried out in man using pneumococcal cap- 
sular polysaccharides as antigens. 

2. The 12 subjects used as controls showed the 
presence of C-antibody in all sera tested. The C- 
antibody remained relatively constant in spite of 
sizeable changes in antibody to the capsular poly- 
saccharides. There is considerable variation in the 
antibody response from one individual to another. 
A large response to one antigen is not necessarily 
accompanied by a similar response to another anti- 
gen in the same individual. Maximum antibody 
titres are usually achieved by two weeks following 
immunization. 

3. The five patients with adrenal insufficiency 
did not demonstrate any impairment of ability to 
form antibodies. 

4. The eight patients with untreated rheumatoid 
arthritis and nine cortisone-treated patients with 
rheumatoid arthritis had similar antibody responses 
when observed over a period of four weeks. 

5. Two patients with rheumatoid arthritis with 
previously elevated antibody titres showed no 
change in these titres on the acute or chronic ad- 
ministration of cortisone. 
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The administration of isotonic saline solution to 
dogs in quantities equal to one-half or more of the 
volume of extracellular fluid leads to a prompt in- 
crease in glomerular filtration rate and the excre- 
tion of sodium and chloride. Although factors 
possibly influencing tubular reabsorptive activity, 
such as the adrenal and neurohypophysial hor- 
mones, are not as yet amenable to quantitative 
study, the general correlation between filtration 
rate and sodium excretion in the dog has led many 
investigators to believe that changes in glomerular 
activity constitute one of the. most important 
mechanisms in the maintenance of salt and water 
balance in this animal (1-5). So effective is this 
renal response that, with other adjunctival mecha- 
nisms, dogs may be maintained on diets containing 
4 gm. of salt per kg. per day (corresponding to 
280 gm. per day in a 70 kg. man) without gain in 
weight or apparent disturbance in salt and water 
balance (5). 

An extensive literature is available (6) on the 
excretion of sodium, chloride and water in patients 
receiving saline infusions, but in great part the in- 
formation contained therein is merely descriptive 
of the fact of diuresis (or absence of diuresis) and 
is not correlated with the measurable physiological 
mechanisms concerned in the excretion of sodium 
and water. No information is available on the ef- 
fect of saline solutions on renal function in man, 
and the present study was undertaken to obtain 
information, comparable to that available on the 
dog, on the changes in filtration rate, renal blood 
flow and electrolyte excretion after the rapid ad- 
ministration of saline infusions. 


1 Aided by grants from the National Institutes of 
Health, Public Health Service, and the Commonwealth 
Fund. 

2 Postdoctorate Research Fellow, National Institutes of 
Health, U. S. Public Health Service. 


METHODS 


Our observations were made on 35 ambulatory patients, 
ranging in age from 19 to 75 years, who had been hos- 
pitalized for relatively benign conditions, who had not 
undergone surgery, and who were ready for discharge. 
None presented clinical evidence of cardiac or renal dis- 
ease. All were afebrile and maintained on a regular ward 
diet. 

The patients drank a liter of water the night before 
observation. This water was consumed in divided doses 
at the patients’ convenience. After a light breakfast, they 
were brought to the research unit for renal function stud- 
ies at about 8:00 a.m. After appropriate priming injec- 
tions, a constant infusion of sodium p-aminohippurate 
(PAH) and inulin (IN) in isotonic saline solution was 
given at the rate of 0.6 cc./min. during the entire obser- 
vation period through a flexible intravenous catheter by 
means of a constant infusion pump. After three or more 
control urine-collection periods of approximately 30 min- 
utes each, 1 to 3 liters of isotonic saline solution were 
administered intravenously at a rate of 13 to 56 cc./min. 
The administration of PAH and inulin was maintained 
throughout the saline infusion and for approximately 210 
minutes thereafter. Urine was collected every 30 min- 
utes by sterile urethral catheterization and the bladder 
rinsed with sterile distilled water. Blood samples were 
drawn from a peripheral vein at hourly intervals; heparin 
was added as an anticoagulant. 

Inulin was determined by Harrison’s method (7), PAH 
by the method described by Smith and his associates (8), 
chloride by the method of Van Slyke and Hiller (9), 
uric acid by the Benedict and Franke method (10), cre- 
atinine by the Bonsnes-Taussky method (11), sodium and 
potassium by a Perkin-Elmer internal standard flame 
photometer, plasma proteins by the copper sulfate method 
(12) and the hematocrit by centrifuging heparinized blood 
in a Wintrobe hematocrit tube for 20 minutes. 

The effects of saline infusion on renal clearances were 
followed in 21 subjects. In addition, the protracted ef- 
fects of saline infusion on urine flow and electrolyte ex- 
cretion were examined in eight additional subjects with- 
out observation on renal clearances; in these subjects, the 
urethral catheter was removed about 200 minutes after 
the end of the saline infusion, and urine was collected by 
spontaneous voiding for 16 to 28 hours. Four subjects 
were given 9 to 24 gm. of sodium chloride daily, either 
orally or intravenously in the form of isotonic saline solu- 
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tion, in addition to their dietary intake during a period of 
48 to 96 hours previous to the test. Six subjects re- 
ceived approximately 500 cc. of a 5 per cent solution of 
sodium chloride at a fairly rapid rate (24 to 39 cc./min.) 
and were observed for 210 minutes after the infusion had 
ended. 

Clearance measurements were not started until three 
hours after breakfast and no food or water was given 
throughout the period of clearance determination. The 
patients in whom urine excretion was followed overnight 
received a light supper and breakfast, with omission of 
salt. All fluid intake was recorded. 

Inulin and PAH clearances and urine concentrations 
and electrolyte excretion rates have been integrated by 
multiplying the observed rate in each urine collection pe- 
riod by the elapsed time, in order to determine the mean 
rate per minute. Water and electrolyte recovery in the 
urine has been calculated as the per cent of the quantity; 
administered, after correction for basal excretory rate. 
The latter has been taken as the integrated average ex- 
cretion during the three control periods, except in the 
case of those subjects whose control urine flow exceeded 
1.5 cc./min.; such subjects were usually on the descending 
limb of water diuresis and, on the assumption that basal 
urine flow could be expected to decrease to or below 1.5 
cc./min., this figure is arbitrarily used for this correction. 
No method of correction for spontaneous urine output is 
wholly reliable and this circumstance introduces some 
error into all long period calculations of the return of both 
water and electrolytes. No correction is made for insen- 
sible water loss. In some cases the bladder was emptied 
immediately at the end of the saline infusion and the 
urine discarded; the estimated recovery of fluid in these 
instances is consequently somewhat lower than the true 
value. 

Changes in hematocrit, plasma electrolyte and protein 
concentration are expressed as the greatest percentile 
change observed during the post-infusion period, rela- 
tive to control values. 


RESULTS 
Istonic Saline Solution 


A summary of pertinent data is given in Table I, 
which records averages of control data integrated 
over three control periods as noted above, and 
the average changes induced by isotonic saline solu- 
tion as revealed by integrated post-infusion rates. 

Urine flow, inulin, and PAH clearances. The 
intravenous administration of 1 to 3 liters of iso- 
tonic saline solution increased the urine flow above 
control rates in 90 per cent of 29 subjects ex- 
amined. Except in a few instances, however, the 
diuresis was much less than would be expected 
from the same quantity of water ingested orally. 
This difference between saline and water diuresis 
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in man has long been recognized (13) but it is em- 
phasized in few recent publications. The maximal 
rate of urine flow in our subjects usually occurred 
during the latter part of the infusion period or in 
the first 30 minutes thereafter and was followed 
by a steady decline toward the control value. 
There was no apparent relation between the quan- 
tity of fluid given or the rate of administration and 
the extent of diuresis. 

The saline solution had no consistent effect upon 
the inulin clearance in 21 subjects maintained on a 
ward diet, as shown by the average figures in 
Table I, or in four additional subjects who had 
been on a high salt intake previous to the saline 
infusion. The PAH clearance was no more mark- 
edly affected in 20 subjects. The direction of 
change in the two clearances coincided in only one- 
fourth of the observations. In one subject the 
PAH clearance increased by 103 per cent, but 
it had been anomalously low in the control periods, 
yielding a filtration fraction of 0.38; here the inulin 
clearance remained unchanged after infusion, the 
filtration fraction decreasing to 0.19. In the four 
subjects who had been maintained on a high salt 
intake, 3 liters of isotonic saline solution caused an 
average increase in PAH clearance of 13 per cent 
without appreciably changing the inulin clearance. 
In neither group could changes in the inulin or 
PAH clearances be correlated with changes in 
urine flow, with the rate or quantity of fluid ad- 
ministered, or with the rate of sodium or chloride 
excretion in the control periods. 

Sodium. The most consistent effect of the ad- 
ministration of isotonic saline in the present stud- 
ies was the increase in the excretion of sodium, 
which was followed in 15 subjects on the ward 
diet. This increased excretion was the result of 
an increase in concentration in the urine as well as 
in the rate of urine flow. Average urine sodium 
concentration during the 210 minute post-infusion 
period increased in 12 subjects, the increase aver- 
aging 25 per cent. In one subject this figure de- 
creased while it remained unchanged in two. 

Control sodium excretion on the ward diet in 
these subjects averaged 0.15 niEq./min. (0.075) 
or 13 gm. of sodium chloride per day. This figure 
invariably increased after isotonic saline infusion. 
Except in three instances the increment in sodium 
excretion exceeded that in chloride excretion, but 
the greatest difference between sodium and chlo- 
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ride in favor of the former was 0.066 mEq./min. 
In the four subjects on a high salt diet the control 
urine sodium concentration averaged 180 mEq./L. 
In three of these this figure increased after infu- 
sion (36, 94, and 229 per cent), while in the fourth 
it decreased by 50 per cent (from 368 to 184 mEq./ 
L.). Control sodium excretion in these subjects 
averaged 0.326 mEq./min., equivalent to 27.4 gm. 
of sodium chloride per day. Sodium excretion in- 
creased after infusion in all four subjects ; the aver- 
age increase was equivalent to 43 gm. of sodium 
chloride per day. 

Chloride. After saline infusion the urine chlo- 
ride concentration increased in 12 and decreased 
in nine subjects on the ward diet, but in only one 
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instance was the increase marked (450 per cent) ; 
the average positive change, excluding this sub- 
ject, was only 14 per cent. The four subjects on a 
high salt intake showed an average increase of 51 
per cent. 

Control chloride excretion on the ward diet 
averaged 0.19 mEq./min., or 15.7 gm. of sodium 
chloride per day. This high figure probably re- 
flects both a high dietary intake and the effects 
of the sodium chloride administered with the 
inulin and PAH. Chloride excretion increased 
after saline infusion in 17 subjects; the increase 
averaged 100 per cent; in the other four subjects 
it decreased by an average of 14.3 per cent, to 
give an average for the entire group of + 59 per 
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Changes in renal function induced by the intravenous administration of isotonic saline solution to patients 
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* Washout period during saline infusion not included. 


cent. Chloride excretion in the four subjects on 
a high salt intake averaged 0.338 mEq./min. and 
increased after isotonic saline infusion by an aver- 
age of 274 per cent. 

Potassium. The urine potassium concentration 
in 15 subjects on a ward diet decreased after iso- 
tonic saline infusion in all but one subject, who 
showed no change. Potassium excretion was 
randomly affected, increasing in five instances by 
3 to 50 per cent and decreasing in nine (— 4 to 
— 37 per cent). Urine potassium concentration 
likewise decreased after infusion in the four sub- 
jects on a high salt diet (average — 30 per cent) 
but the rate of excretion changed significantly in 
only one (from 0.028 to 0.122 mEq./min.). 


Plasma changes. Plasma and sodium chloride 
concentrations were changed minimally by the in- 
fusion of 1 to 3 liters of isotonic saline solution. 
Potassium concentration was more markedly af- 
fected, but the changes were random in direction 
and ranged from — 10 to + 32 per cent of con- 
trol levels. In the four patients on a high sodium 
chloride intake the saline infusion increased the 
plasma chloride concentration by + 5 to + 13 per 
cent and the plasma sodium by 0 to + 4 per cent, 
while the plasma potassium concentration changed 
by — 4 to + 19 per cent. 

The hematocrit decreased in the majority of pa- 
tients immediately after the administration of iso- 
tonic saline solution, returning toward but not 
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to initial levels at the end of the observation period. 
The average maximal decrease was only 8 per 
cent. The concentration of plasma protein also 
decreased in all cases immediately after saline in- 
fusion, with a gradual return toward normal; the 
average maximal decrease was 16 per cent. 

The progressive return of both hematocrit and 
plasma protein concentration toward control levels 
cannot represent solely the distribution of saline 
between the circulatory tree and the interstitial 
fluid. Isotope studies indicate that 60 per cent of 
plasma sodium and chloride and 140 per cent of 
the plasma water are exchanged with the extra- 
vascular compartment per minute in the guinea 
pig. In man, 78 per cent of the plasma sodium 
and 105 per cent of the plasma water are ex- 
changed with extravascular sodium and water per 
minute (14-16). Assuming that the extracellular 
fluid represents 16 per cent of the body weight 
(17, 18), 3 liters of saline should dilute the 11 
liters of extracellular fluid in a 70 kg. man by 21 
per cent. In the light of the data cited above one 
would expect rapid and persistent dilution of the 
hematocrit and plasma protein to this éxtent. The 
facts that the maximal decrease in both values is 
much less and that both return toward normal be- 
fore the saline is excreted (vide infra) indicate 
that a substantial fraction of the saline escapes 
from the extracellular into the intracellular com- 
partment. 

Recovery of salt and water. In the 21 subjects 
on the ward diet, the recovery of administered wa- 
ter as urine (with correction for basal flow, as noted 
under Methods) at the end of 210 minutes after 
termination of the infusion averaged only 24 per 
cent. In only one subject did water recovery ex- 
ceed 100 per cent, while in nine recovery was less 
than 10 per cent. Recovery of chloride in 21 sub- 
jects averaged 14 per cent and recovery of sodium 
18 per cent. 

In eight subjects urine was collected for 16 to 
28 hours after isotonic saline infusion, in anticipa- 
tion of a possible delayed excretion of water or 
electrolyte. (We recognize that such recoveries, 
corrected as they must be for the basal excretion of 
urine and electrolyte, are subject to large error be- 
cause of the diurnal variation in water and electro- 
lyte excretion and other uncontrolled factors.) The 
calculated recovery of water, sodium and chloride 
decreased progressively the longer the study was 
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carried on in four subjects, while in the other four 
subjects recoveries appeared to remain at fairly 
constant levels or to increase slightly the longer 
the subject was observed. However, at no time 
did the recovery approach the quantity of fluid 
or electrolyte administered. 

The administration of 9 to 24 gm. of sodium 
chloride per day for a week previous to the experi- 
mental procedure had no effect on the immediate 
recovery of either water or electrolytes; the re- 
covery of water averaged 18 per cent, of chloride 
21 per cent, and of sodium 16 per cent. 


Hypertonic Sodium Chloride Solution 


Inulin and PAH clearances. In the six subjects 
who received 500 cc. of 5 per cent sodium chloride 
solution the urine flow increased above the control 
level in all and reached peak levels of 2.4 to 7.3 
cc./min. The filtration rate increased in three (16, 
19, and 98 per cent) and decreased in three (2, 6, 
and 7 per cent). The PAH clearance increased in 
five (11 to 90 per cent) and decreased in one (7 
per cent). 

Chloride. The urine chloride concentration in- 
creased in all, and reached values in the range of 
232 to 265 mEq./L. Chloride excretion increased 
to the range of 0.46 to 1.58 mEq./min. 

Sodium. Urine sodium concentration increased 
in all six subjects to levels of 216 to 265 mEq./L., 
while sodium excretion reached levels of 0.49 to 
1.41 mEq./min. Urine concentrations of both 
sodium and chloride after the administration of hy- 
pertonic saline solution were always well above the 
plasma concentrations. Urine potassium concen- 
tration increased in some instances and decreased 
in others, the average of all cases being + 30 per 
cent, while the excretion of potassium increased 
by an average of + 82 per cent. 

Since the amount of fluid administered was small 
(500 cc.) no attempt was made to estimate water 
recovery, but the increase in urine flow was in- 
sufficient to effect substantial recovery of water. 
Sodium recovery in approximately 210 minutes 
averaged 24 per cent and chloride recovery aver- 
aged 25 per cent, figures only moderately greater 
than were obtained with isotonic saline solution. 

The average maximal decrease in the hematocrit 
was 15 per cent, in plasma protein concentration, 
13 per cent, figures which are again dispropor- 
tionately low considering the quantity of sodium 
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chloride administered, a quantity which might be 
expected to effect marked hemodilution by expan- 
sion of the extracellular fluid at the expense of 
intracellular water. 

Changes in the electrolyte composition of the 
plasma were, of course, more marked after hy- 
pertonic than after isotonic saline solution. The 
plasma chloride concentration increased by 10 to 
20 per cent and the concentration of sodium by 7 
to 10 per cent, while the changes in the plasma po- 
tassium concentration ranged from — 19 to + 36 
per cent. 


Uric Acid/Creatinine Excretion Ratio 


In view of the possibility that adrenal cortical] 
activity might be altered by the administration of 
saline, and that a change in cortical activity might 
be reflected in the uric acid/creatinine excretion 
ratio, this ratio was followed in eight subjects be- 
fore and after the administration of isotonic saline, 
and in five subjects before and after the adminis- 
tration of 5 per cent saline. The changes in the 
ratio were, however, so slight that we do not con- 
sider them to be significant. 


DISCUSSION 


In contrast to the renal response observed in 
the dog, the intravenous administration of isotonic 
saline solution in quantities up to one-quarter of 
the extracellular fluid volume does not consistently 
induce a sustained increase in filtration rate or re- 


nal plasma flow in human subjects. In 11 of 21 
subjects tested, the filtration rate after the infusion 
ended either decreased or underwent less than a 5 
per cent increase. Despite the absence of a con- 
sistent increase in filtration rate, the excretion of 
sodium and chloride was substantially increased in 
‘nearly all subjects. There was no correlation be- 
tween the changes in filtration rate and in the ex- 
cretion of these electrolytes. Since the plasma 
concentration of sodium was not significantly al- 
tered, it must be concluded that the intravenous 
administration of isotonic and hypertonic saline 
solutions generally leads to increased sodium chlo- 
ride excretion in consequence of diminished tubu- 
lar reabsorption at a constant filtered load. 

The effects of isotonic saline solution upon the 
excretion of water are difficult to evaluate. In 
three instances the administration of this solution 
led to the excretion of a urine substantially more 
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dilute in sodium and chloride than the plasma. 
This anomalous response simulated the water diu- 
resis shown by subjects who have been prehydrated 
with 1500 to 2000 cc. of water eight to 13 hours 
previous to the administration of saline, as reported 
by Ladd (19, 20) since this study was completed. 
On the whole, however, our subjects did not show 
the copious excretion of either sodium or water 
which Ladd reports. We are inclined to agree that 
the important difference between his subjects and 
ours lies in the quantity of water consumed the 
evening before the saline test, and perhaps in the 
speed with which this water is ingested. 

The administration of 5 per cent sodium chloride 
solution also led to increased sodium and chloride 
excretion regardless of whether the filtration rate 
increased or not, though the recovery of water and 
electrolyte was not materially greater than with 
isotonic saline. In no instance did the urine so- 
dium or chloride concentration fall below that of 
plasma in the post-infusion phase. 

Wesson and his associates (3) have shown in the 
dog that the tubular reabsorption of sodium at a 
constant filtered load is increased when the extra- 
cellular fluid volume is expanded without change 
in electrolyte composition. Our data clearly dem- 
onstrate that in man the rapid administration of 
saline (though without effort to sustain the ex- 
pansion of the extracellular fluid volume) has the 
opposite effect: namely, to reduce tubular reab- 
sorption at essentially constant filtered loads. The 
conditions of our experiments are not identical 
with those of Wesson and his co-workers, but 
they are sufficiently similar to suggest that man 
and the dog differ not only in respect to the effects 
of expansion of the extracellular fluid upon the 
filtration rate, but also in respect to changes in 
tubular reabsorption at a constant filtered load. 
Tubular reabsorption is increased in the dog but 
decreased in man under these roughly parallel 
conditions. It seems probable, nevertheless, that 
the absence of an increase in filtration rate accounts 
for the fact that man excretes sodium chloride, no 
matter how administered, so much more sluggishly 
than does the dog. 

The similarity of the response in subjects who 
had been maintained for several days on a high 
salt diet with that obtained in patients maintained 
on a ward diet indicates that neither the failure to 
obtain an increase in glomerular filtration nor the 
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phenomenon of decreased tubular reabsorption of 
sodium after saline administration is related to 
the salt balance of the subject. 


SUMMARY 


1. The filtration rate, renal plasma flow and 
excretion of sodium chloride, potassium and water 
were followed for eight or more clearance periods 
(210 minutes) after the intravenous administra- 
tion of isotonic sodium chloride (1 to 3 liters) or 
hypertonic sodium chloride (500 cc. of 5 per cent 
saline) solutions to subjects free of complicating 
diseases. 

2. Neither isotonic nor hypertonic saline solu- 
tion produced a consistent post-infusion increase 
in filtration rate or renal plasma flow. Both types 
of solution, however, increased sodium and chlo- 
ride excretion irrespective of changes in filtration 
rate. 

3. Whatever significance the filtration rate may 
have in the excretion of sodium by the human kid- 
ney, it appears that other mechanisms are capable 
of promoting sodium excretion by reducing tubular 
reabsorption at a constant filtered load. 

4. In man, both isotonic and hypertonic saline 


solutions are retained in the body for long periods, 
only some 25 per cent, at best, being excreted 


within three and one-half hours. The recovery 
of administered electrolyte and water is not ap- 
preciably modified by previously loading the body 
with salt. 

5. The human kidney differs from that of the 
dog in that isotonic and hypertonic saline solutions 
fail to increase the filtration rate (and renal plasma 
flow) consistently, a fact suggestively related to 
the failure of the human kidney to excrete a rela- 
tively large fraction of either solution within a 
few hours. 
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THE VELOCITY OF DISTRIBUTION OF SUCROSE BETWEEN 


PLASMA AND INTERSTITIAL FLUID, WITH REFERENCE 
TO THE USE OF SUCROSE FOR THE MEASUREMENT 


OF EXTRACELLULAR FLUID IN MAN* 
By NORMAN DEANE, GEORGE E. SCHREINER, anv JAMES S. ROBERTSON 


(From the Department of Physiology, New York University College of Medicine, New York 


The following study had two objectives: first, 
the examination of the question whether or not 
sucrose can be substituted for inulin in the meas- 
urement of the extracellular fluid in man; and 


second, the determination of how rapidly a, 


rium distribution can be attained. 

The use of an inulin infusion technique to 
measure the extracellular fluid in dog and man 
was initiated by Gaudino, Schwartz and Levitt 
(1,2). These investigators used an approximately 
constant rate of infusion, preceded by a priming 
infusion, to maintain the plasma concentration of 
inulin at a constant level for two to 12 hours, dur- 
ing which period it was assumed that uniform 
concentration throughout the extracellular fluid 
would be established. After discontinuing the in- 
fusion, the total inulin excreted over a period of 
five hours in the dog or 12 hours in man was de- 
termined and, after correction for inulinoid blank 
in control blood and timed urine samples, the inu- 
lin volume of distribution was calculated by divid- 
ing total excretion by the plasma concentration 
at the end of the infusion.»* The authors con- 


1 We are indebted to the Fourth (New York University 
Postgraduate Medical School) Medical Division for the 
privilege of studying patients on that service. 

This study was supported by grants from the Atomic 
Energy Commission (AEC Contract AT [30-1]-1025) 
and The Commonwealth Fund. 

2Gaudino (3) has shown that comparison of the rate 
of disappearance of inulin from the plasma after a single 
injection and after prolonged, constant infusion yields 
data which, on mathematical analysis, conform with the 
assumption that in the latter circumstance the inulin is 
uniformly distributed through some volume of body fluid. 

3 Lavietes, Bourdillon and Klinghoffer (4) endeavored 
to measure the extracellular fluid by calculation based 
on plasma concentration after the intravenous injection 
of a single dose of sucrose, but Schachter, Freinkel and 
Schwartz (5) have shown by studies with inulin that 
such calculations are unreliable because true plasma- 
interstitial fluid equilibrium never occurs and virtual 
equilibrium is only momentary. 


City, and the Medical Department, Brookhaven National Laboratory, Upton, L. I.) 
(Submitted for publication April 16, 1951; accepted August 27, 1951) 


1463 


cluded that in the dog, uniform distribution was 
obtained in two hours but they presented no evi- 
dence that uniform distribution was not obtained 
in a shorter time. 

Schwartz, Schachter and Freinkel (6), using 
the same technique, concluded that a maximal 
volume of distribution had been reached in five 
normal subjects who had been infused for 3.3, 3.8, 
4.5, 7.0, and 7.0 hours, respectively, while in a 
single individual studied a maximal volume of 
distribution was not reached in 1.7 hours. The 
authors concluded that a period of five hours is 
sufficient to obtain essentially homogeneous dis- 
tribution, but their data indicate that the critical 
interval in some individuals may be shorter. 

The interval required to obtain homogeneous 
distribution will depend on the status of the cir- 
culation and the dynamics of exchange between 
the plasma and the interstitial fluid, and it may 
be anticipated that the equilibrium time will be 
prolonged under circumstances where the inter- 
stitial fluid is increased, or, alternatively, where 
the plasma-interstitial fluid exchange is sluggish. 
In so far as diffusion is important in effecting uni- 
form distribution, the equilibrium time may be 
significantly longer with inulin (mol. wgt. = 
5,200) than with a smaller molecule such as su- 
crose (mol. wgt. = 342). 

Sucrose is not quantitatively recovered in the 
urine after parenteral administration to the dog 
(7), indicating that it is metabolized in this spe- 
cies. Indeed, Abderhalden and Buadze (cited by 
Power and Keith [8]) demonstrated the pres- 
ence of sucrose in dog plasma. However, the evi- 
dence indicates that sucrose is not metabolized in 
man. Keith, Wakefield and Power (9, 10) re- 
ported urinary recoveries ranging from 89 to 98 
per cent in 12 to 24 hours after administration to 
subjects without renal disease. Sucrose does not 
enter the red cells in more than possible traces (9, 
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10), and it enters the cerebrospinal fluid only in 
traces (11). 

We have examined the 24 hour urinary re- 
covery of sucrose in eight subjects without re- 
nal disease, correcting the recovery figure for blank 
excretion as determined in control, timed urine 
samples (U,V, Table 1). Sucrose was determined 
by a modification of the acid hydrolysis method of 
Lavietes, Bourdillon and Klinghoffer (4), using 
Nelson’s (12) glucose method to determine the 
liberated glucose, but later Schreiner’s (13) modi- 
fication of the Roe resorcinol method proved more 
satisfactory. In this method the sucrose is hy- 
drolyzed by the reagent and the liberated fructose 
reacts with the resorcinol. Plasma was precipitated 
by Nelson’s (12) modification |of the Somogyi 
zinc sulfate method. 

Urine was analyzed directly unless protein was 
present, in which case the urine was precipitated 
in the same manner as the plasma. The analytical 
methods were checked by recoveries of aqueous 
and plasma solutions of known concentrations of 
sucrose, and in eight determinations in plasma we 
obtained an average recovery of 99.per.cent (range 
97 to 101 per cent). Omission of precipitation of 


protein-free urine did not affect the accuracy of 


recovery. Blank excretion of a sucrose-like sub- 
stance under fasting and post-prandial conditions 
at varying rates of urine flow averaged 0.17 mg./ 
min. (range 0.06 to 0.46) in individuals without 
renal disease. This does not include three sub- 
jects in whom the blank excretion was zero. The 


TABLE I 


Urinary recovery of sucrose after intravenous 
injection in man 


24 hr. UsVt | Corrected 
(calculated) | recovery 


Per cent 
recovery 


Total 
recovery 


Average 99 


* These recoveries were carried out using the calibrated 
infusion technique. The amount injected is obtained from 

¢ 24 hr. UpV is the calculated 24 hour blank excretion of 
a sucrose-like substance. 
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results of our experiments are given in Table I and 
show recovery ranging from 96 to 102 per cent, 
with an average figure of 99 per cent. We con- 
clude, with Keith and his co-workers, that su- 
crose is not metabolized in man. 

Kruh¢ffer (14) has shown that the rates of 
disappearance of sucrose and inulin (determined 
simultaneously) from the plasma of anesthetized 
(amytal), nephrectomized rabbits conform with 
the interpretation that diffusion dominates the 
distribution of these two solutes in the interstitial 
space. However, Kruhgffer’s data do not show 
the ultimate volume of distribution of either solute, 
although they indicate that these volumes are of the 
same order of magnitude, slightly less than 20 per 
cent of the body weight. In our opinion, the rates 
of disappearance of substances from the blood 
in anesthetized animals must be used with cau- 
tion since it is possible that they are gravely dis- 
torted by reduction of the peripheral circulation. 

Methods for the determination of sucrose in the 
presence of inulin have not proved satisfactory in 
our hands, so we have determined the volumes of 
distribution of these two substances in the same 
individual on separate occasions. Both com- 
pounds were administered, after a priming injec- 
tion, by constant intravenous infusion in order to 
maintain the plasma concentration approximately 
constant for five hours, as in the original method 
of Gaudino, Schwartz and Levitt (1). The total 
solute in the body at the end of the infusion was 
determined by a 24 hour urine collection with ap- 
propriate correction for blank excretion, and the 
volume of distribution calculated for the terminal 
plasma concentration corrected foi plasma pro- 
tein. The results of comparative studies on four 
edema-free subjects are given in Table II. The 
ratio sucrose/inulin space averaged 0.972 (range 
0.936 to 1.032). In view of the facts that the 
determinations are not simultaneous and that the 
above ratio is less rather than greater than 1.0 
we believe that our data warrant the use of sucrose 
in man for the determination of the extracellular 
fluid volume. 

Determination of time required for attainment 
of maximal volume of distribution. The novel fea- 
ture in this technique is the calculation of the vir- 
tual volume of distribution at any instant after the 
start of a constant intravenous infusion without the 
use of a priming injection. 


+3 
gm. em. | | oem. cent 
nt H.L. | 12.42 | 12.51 | 0.47 | 12.0 97 
‘nog C.F. | 618 | 7.07 | 0.72 6.36 102 
: = N.D. | 3.87 | 4.67 | 0.75 3.92 101 
a M.U.| 3.92] 4.12 | 0.14 3.97 101 
a. J.G. | 5.00] 5.07 | 0.25 4.82 96 
(eS. D.S. | 3.93 | 491 | 0.95 3.96 100 
; D.S.*| 3.31 | 4.27 | 0.99 3.28 99 
ee D.S.*| 543 | 635 | 0.97 5.36 99 
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The virtual volume of distribution of any non- 
metabolized solute, x, at any time, t, is given by the 
expression 

v, = 

where V, is the virtual volume of distribution (in 
cc.), SIV is the total quantity of solute that has 
been infused (in mg.), SUV is the total quantity 
of solute that has been excreted in the urine (in 
mg.)* and P is the concentration of the substance 
in the plasma (here neglecting the plasma water 
content for simplicity of discussion). 

Just after the infusion has been started the solute 
will be largely restricted to the plasma and P will 
be large, relative to the concentration in the ex5 
tracellular fluid, and Vx will consequently have a 
small value. If the rate of excretion increases in 
direct proportion to P (as in the case of sucrose 
and inulin), with the passage of time, UV (in mg./ 
min.) will increase from zero and approach IV 
(in mg./min.), a condition that will be fulfilled 
only when P has become constant, which will not 
occur until a homogeneous distribution of solute 
has been reached. During this period of equili- 
bration, Vx will increase and approach a maximal 
value which will be identical with the volume of 
distribution to be expected at equilibrium, 1.e., 
when P has been maintained constant for some 
period of time. 

If the rate of mixing between plasma and inter- 
stitial fluid were instantaneous and if the relations 
between the circulation and the kidney were such 
as to permit instantaneous equilibration between 
UV and P, then after the infusion is started IV 
and UV would also come into equilibrium in- 
stantaneously, P would instantaneously become 
constant, and V, would instantaneously reach its 
maximal value. Such, of course, is not the case 
because of delay in escape from the plasma, delay 
in movement into the remote recesses of the inter- 
stitial fluid, and particularly because of delay in 
attaining equilibrium across the kidneys.® 


4We reserve the expressions IV and UV to indicate 
rates of infusion or excretion (mg./min.), in accordance 
with established convention in renal physiology, and 
therefore designate the total quantities infused or excreted 
at any time as ZIV and 2UV. 

5It may be noted that Michie and Michie (15) have 
shown that an average of 25 minutes is required to bring 
the pelvic urine into excretory equilibrium with the ar- 
terial plasma. 


It is of critical importance in this method that the com- 
position of the infusion be known with great accuracy 
and that the rate of infusion be kept very constant and 
known exactly, because slight errors in IV become com- 
pounded with time in the calculation of =IV and there- 
fore in all derivative calculations. (As calculated from 
a typical experiment, a variation of 10 per cent in the rate 
of infusion will produce an error of 5 per cent in V, after 
15 minutes at a time when 2UV =0.14 ZIV.) Sucrose 
was infused in a 9.5 to 10.5 per cent solution with a Bow- 
man constant infusion pump,® delivering the infusion 
fluid at a rate of 0.665 to 0.700 cc./min. When this pump 
is powered through a Sola constant voltage transformer, 
the rate of infusion, as checked at 30 and 60 minute in- 
tervals, remains constant with an accuracy of +2 per 
cent. The infusion reservoir consisted of a series of 20 
and 40 cc. glass bulbs with calibrated stems connected 
by ground glass joints, permitting the rate of infusion to 
be checked from time to time. The volumes delivered by 
the bulbs were found to be reproducible within +1 per 
cent despite repeated autoclaving. Care must be taken 
to keep them chemically clean so that drainage will be 
complete. It is essential that a continuous check of this 
type be kept on the rate of the pump throughout the in- 
fusion. 

A control sample of blood and a timed urine sample 
were collected before starting the infusion in order to de- 
termine the plasma blank and the rate of excretion of urine 
blank. Urine samples were collected by an indwelling 
catheter and the bladder was rinsed with saline and emp- 
tied with air at the end of each urine collection period. 
Error occasioned by renal dead space was minimized by 


® Manufactured by the Process & Instruments Corpora- 
tion, 60 Greenpoint Avenue, Brooklyn, New York. 
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TABLE II 


Comparative volumes of distribution of sucrose and inulin in four edema-free subjects, determined on 
separate occasions by the five hour infusion method 


Inulin space 
Sucrose/inulin 


maintaining water diuresis, generally at the level of 3 cc./ 
min. in adults and at comparable rates in children. The 
timing of blood samples, urine collection and infusion 
rates was noted to the nearest quarter of a minute. The 
amounts of sucrose used were not such as to produce any 
significant change in the osmotic pressure of the plasma. 

The results are analyzed in the following manner. The 
total quantity of sucrose infused (ZIV) at successive in- 
tervals is plotted against elapsed time. These points 
should fall on a straight line (see ZIV, Figure 1). The 
total amount of sucrose excreted (ZUV) is calculated 
for each successive urine sample (see 2UV, Figure 1). 
These points should fall along a smooth curve and serve 
as a check upon the accuracy of utine collection and 
analysis. The plasma concentration of sucrose, as de- 
termined at various intervals, is also plotted against time 
(see P, Figure 1).7 With frequent sampling of plasma 
it is possible to check for deviations produced by analyti- 
cal error. The virtual volume of distribution of sucrose 
(V,) (uncorrected for plasma water) at any time dur- 
ing the infusion is obtained by inserting the appropriate 
interpolated values for ZIV, ZUV, and P in equation 1 
(see V,, Figure 1). 

At the rates of infusion used here (60.0 to 80.0 mg./ 
min.) the error involved in neglecting blank excretion is 
less than 4 per cent of [UV at 60 minutes and less than 1 
per cent of 2UV at the end of 120 minutes. The blank 
excretion is usually less than 1 per cent of ZIV-ZUV at 
the end of 60 minutes. Thus errors in V, are minimal 
even if the blank excretion is omitted. 

Selection of patients. The patients examined here were 
selected solely on the basis of showing no obvious in- 
crease in extracellular fluid. The ages ranged from two 
years and 10 months to 60 years. Data on a nephrotic 
child two years and 10 months old are included to show 
that the procedure is practicable within the pediatric 
range. 


7™The term P may be corrected for water content in 
this operation, but this involves superfluous labor and it 
is sufficient to make the preliminary calculations in terms 
of P as analytically observed and to apply the correction 
for plasma water only to the definitive figure for maxi- 
mal volume of distribution. This correction is effected 
by multiplying the final volume of distribution by the 
fractior. of water in the plasma. 


RESULTS 


A typical experiment illustrating the application 
of the above method (which for brevity we will 
designate the calibrated 31V-SUV method) is 
shown in Figure 1. It will be observed that the 
virtual volume of distribution of sucrose (V,) at- 
tained a practically constant value in this patient 
in 70 minutes. In 14 patients without edema 
(Table III) the time required to attain a constant 
value ranged from 30 to 120 minutes and averaged 
75 minutes. 

The next problem is to what extent this volume 
of distribution approaches the maximal volume of 
distribution. This point was examined by com- 
paring the results obtained by the calibrated SIV- 
XUV method with those obtained by using a pro- 
longed equilibration time, as in the method of 
Gaudino, Schwartz and Levitt (which we will 
designate the total urine recovery method). At 
the end of three hours of infusion, using the cali- 
brated SIV-SUV method, a priming infusion of 
sucrose was administered and the infusion con- 
tinued for an additional five hours with the main- 
tenance of a constant plasma concentration as dem- 
onstrated by plasma samples taken at the end of 
two, three, four, and five hours. At the end of the 
five hour period the infusion was discontinued and 
urine was quantitatively collected for the next 24 
hours. The volume of distribution of sucrose was 
calculated from the amount of sucrose recovered 
in the urine and the plasma concentration at the 
termination of the infusion. 

As shown in Table IV, the results obtained by 
the two methods are in good agreement in three 
subjects. It follows that, so far as these subjects 
are concerned, the rate of mixing between plasma 
and extracellular fluid is very rapid and that, de- 
spite continuing increase in P, this term is, within 
the limit of technical error, identical with the con- 
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Patient.......... F.R. R.F. Ss. D. R. M. 
ys per cent per cent per cent per cent Ce 
ae Vi liters body weight liters body weight liters body weight liters body weight as 
ane Sucrose space 10.20 16.9 11.81 23.8 10.14 15.2 10.80 15.6 

alee 10.40 17.3 12.56 25.3 10.82 16.2 10.47 15.2 

‘ee 0.981 0.939 0.936 1.032 
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TABLE Ill 
Maximal volume of distribution in 14 subjects measured by the calibrated infusion method 


Approx. time 


Maxima! volume of 
distribution 


Normal 

Normal 

Normal 

Normal 
Hyperthyroidism 
Hyperthyroidism 
Thyroid malignancy 
Thyroid malignancy 
Thyroid malignancy 
Polycythemia vera 
Nephrosis 

Acute rheumatic fever 
Rheumatoid arthritis 
Acute rheumatic fever 
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centration in all portions of the extracellular fluid. 
Since constancy of V, was attained in all subjects 
listed in Table III, we presume that this conclusion 
is also applicable to them. 

Where a major part of the infused sucrose is 
excreted, the term SUV will be large relative to 
XIV and the accuracy of any calculation based on 
the difference, SIV-SUV, will be diminished. 
Therefore, we have shown in Table III the frac- 
tion of the administered sucrose excreted at the 
time when the virtual volume of distribution first 
became constant. This figure ranges from 3 
to 43 per cent. Thus the term (S1V-SUV) is 
always greater than 50 per cent of SIV and the er- 
ror from this source is kept to a minimum. 

Simultaneous measurements of the volume of 
distribution of sucrose and Na** were made in 


TABLE IV 


ase of sucrose space in three individuals as measured 
by the calibrated infusion method and the total 
urine collection method 


M. U. 


Sucrose space 
Calibrated infusion 
method with changing 
plasma concentration 


Sucrose space 
Five hour infusion 
method with constant 
plasma concentration 
and 24 hour urine 
collection 


seven patients (Table III). It is known that so- 
dium has a variable intracellular distribution and 
that the sodium space is always larger than the © 
volume of extracellular fluid. This was the case in 
all patients studied here. 

The volume of distribution of sucrose as deter- 
mined by the 3IV-3UV method and corrected 
for plasma water ranged from 14.1 to 24.6 per 
cent and averaged 19 per cent of the body weight. 
These studies were carried out in patients with a 
variety of pathological disturbances, however. 
The volume of distribution of sucrose in the four 
subjects whom we have listed as “normal” ranges 
from 16.2 to 19.1 per cent of the body weight (av- 
erage 17.6 per cent), figures that agree with those 
reported by previous investigators using the total 
urine recovery method. 


DISCUSSION 


The method described here affords a more prac- 
tical approach to the measurement of extracellular 
fluid than that presented by the five hour equili- 
bration and the total urine collection method. It 
has the advantage that it can be extended to pa- 
tients in the pediatric range and to almost all 
adults, and in general a valid determination can be 
completed within 180 minutes. If approximately 
uniform distribution throughout the body fluids 
is not attained, the method reveals this fact by the 
circumstance that the virtual volume of distribu- 


alt 
H 
tient eight maxim: 
distribution 
per cent per cent 
yrs. kg. liters | bodyweight| liters | body weight 
120 31 : 
30 12 
60 23 
90 34 
80 22 : 
120 30 
105 13 
60 28 
105 26 AS 
30 10 fe 
105 43 
i | | 
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cent cent cent 
Sane liters | weight | liters| weight | liters | weight th 
eines 
12.22} 24.6 |9.40} 21.6 | 10.53) 15.7 
11.81} 23.8 |8.82] 20.4 | 10.14] 15.2 
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tion, as here calculated, will not have attained a 
maximal value. Seriatim determinations during 
the three hours of infusion therefore afford a safe- 
guard against sluggish mixing. The method is not 
applicable in its present form to subjects in the 
edematous state without prolongation of the in- 
fusion. 


SUMMARY 


We have confirmed the observations of others 
that sucrose is not metabolized in man (as it is in 
the dog) and in four patients we have demon- 
strated by the five hour infusion-equilibration tech- 
nique plus 24 hour urine collection that sucrose 
has the same volume of distribution, within the 
limits of technical error, as does inulin. Because 
the difference in molecular weight between su- 
crose and inulin may make a significant difference 
in the rate of equilibration within the interstitial 
fluid, we have substituted sucrose for inulin in a 
study of the kinetics of mixing between plasma and 
interstitial fluid by means of a calibrated infu- 
sion technique in which a priming. injection is 
omitted. 

The results obtained on four normal subjects 
and 10 patients with a variety of pathological dis- 
turbances show that the mixing process is of such 
a nature that within 30 to 180 minutes after the 
beginning of a sucrose infusion (without a priming 
dose), the plasma has for practical purposes come 
into equilibrium with the interstitial fluid. The 
volume of distribution of sucrose measured when 
apparent equilibrium distribution has been reached 
agrees in three patients with the volume of distri- 
bution as measured by the five hour infusion-total 
recovery method. This approach to equilibrium is 
attained despite the fact that the plasma concentra- 
tion is still increasing, a circumstance that indi- 
cates relatively rapid mixing between plasma and 
interstitial fluid. 

The method has the advantage that it reveals 
failure to attain equilibration between the plasma 
and extracellular fluid in any particular patient. 
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Measurements of intracellular water, calculated 
as the difference between the volumes of distribu- 
tion of antipyrine and inulin, have been reported 
by Berger and associates (1) in four patients with 
chronic disease. Comparable data are not available 
on normal subjects and the present study was un- 
dertaken to make such data available. 


METHODS 


Total body water was determined as the volume of dis- 
tribution of antipyrine,? corrected for the amount metabo- 
lized, by the method of Soberman and co-workers (2). 
Soberman and his associates report good agreement in 
this measurement as made with antipyrine and with 
deuterium oxide in six normal males. However, these 
investigators assumed that maximal distribution of anti- 
pyrine was reached in two hours and they consequently 
used the plasma concentrations determined at two, three 
and five hours for extrapolation to zero time in correcting 
for metabolism. In view of the fact that sucrose, which 
is confined to the extracellular fluid, may not reach maxi- 
mal distribution in two hours in some non-edematous sub- 
jects (3), we have preferred to base our extrapolation 
on the plasma concentration at three, four and five hours, 
and, where possible, to include the concentration at seven 
or eight hours. 

Extracellular fluid was measured by the maximal vol- 
ume of distribution of sucrose as determined by the cali- 
brated infusion technique (3). Intracellular water was 
determined as the difference between the antipyrine and 
sucrose volumes of distribution. Cellular mass was cal- 
culated as the difference between body weight and sucrose 
volume of distribution. 

The subjects were patients ranging in age from 13 to 
60 years who had been hospitalized for elective surgery 
or routine physical examination. 


1 This study was supported by grants from the Atomic 
Energy Commission (AEC Contract AT([30-1]-1025) 
and The Commonwealth Fund. 

We are indebted to the Fourth (New York University 
Postgraduate Medical School) Medical and Surgical Di- 
visions of Bellevue Hospital for the privilege of studying 
patients on these services. 

2 The antipyrine used in these studies was supplied in 
ampoule form by Eli Lilly and Company, Indianapolis 6, 
Indiana. 


RESULTS AND DISCUSSION 


Table I presents the simultaneous measure- 
ments of total body water and extracellular fluid in 
11 male subjects. Calculated values for the vol- 
ume of intracellular water, intracellular water as 
per cent of body weight, intracellular water as per 
cent of body water, and intracellular water as per 
cent of cellular mass, are indicated for each subject. 
Intracellular water averaged 40.6 per cent of body 
weight (range 34.7 to 48.0) and 70.2 per cent of 
total body water (range 64.9 to 74.5). Water com- 
prised on the average 50.3 per cent (range 41.8 to 
59.6) of cellular mass. 

In the six males studied by Soberman and his 
co-workers (2) the average antipyrine and deu- 
terium oxide space was 54.6 and 55.8 per cent, re- 
spectively, of the body weight. Steele and col- 
leagues (4) report the average antipyrine space 
as 52.7 per cent of body weight in 51 normal males, 
while Schloerb and associates (5) report the aver- 
age deuterium oxide space as 61.8 per cent of the 
body weight in 18 normal males. Our antipyrine 
figure based on 11 males is 58.1 per cent (range 
51.8 to 64.5), a figure that is in better agreement 
with the deuterium oxide data cited above. We be- 
lieve that our figure is higher than that reported 
by Steele and co-workers (4) because we have ne- 
glected the two hour plasma concentration in favor 
of concentrations from three to eight hours. 

Schwartz, Schachter and Freinkel (6) have re- 
ported an average inulin space of 16.3 per cent of 
body weight in six males. The sucrose space in 
the present series of 11 males averages 17.5 per 
cent of body weight. This agreement supplements 
the data previously presented (3) that sucrose 
and inulin are restricted to a similar fluid compart- 
ment. 

Intracellular water in the four patients studied 
by Steele and his co-workers (4) averaged 40.7 
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TABLE I 
Intracellular water in 11 male subjects 


Height | Weight Total body water 


Extracellular fluid 


Intracellular water 


per cent 
body weight 


OANOUA’ 


UNIO 


per cent of body weight (range 29.3 to 47.0), as 
compared with an average of 40.6 per cent (range 
34.7 to 48.0) in this study. 


SUMMARY 


Total body water and extracellular fluid have 
been measured simultaneously by the antipyrine 
method and the calibrated sucrose infusion tech- 


nique in 11 normal male subjects. Intracellular 
water has been calculated as the difference between 
total body water and extracellular fluid. 

Intracellular water averages 40.6 per cent of 
body weight (range 34.7 to 48.0), 70.2 per cent of 
total body water (range 64.9 to 74.5) and 50.3 
per cent of cellular mass (range 41.8 to 59.6). 
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A large volume of literature has accumulated in 
the past 15 years dealing with the importance of 
hypervolemia in the pathologic physiology of con- 
gestive heart failure. Most of the series of blood 
volumes reported to date on this question have, 
been measured with the dye T-1824 (1-4), al- 
though other dyes have been used (5-7). The er- 
rors in the dye methods have been repeatedly 
pointed out (8-16). Chief among these are the 
early and significant disappearance of the dye-al- 
bumin complex into: (1) the lymphatic system; 
(2) the reticulo-endothelial system; and (3) the 
bile. In reality, therefore, the dye space is not 
synonymous with plasma volume but includes a 
part of the volume of the lymphatic system, bil.ary 
and reticulo-endothelial systems. The degree to 
which these latter will be included depends on: 
(1) individual mixing and diffusion factors, and 
(2) the time at which one concludes from the 
dilution curve that mixing has become complete. 

In most of the above-mentioned studies, pa- 
tients with definite signs of congestive failure have 
been found, almost without exception, to have 
significant elevation of their blood volume, amount- 
ing in some cases to as much as 300% above es- 
tablished normal values for the method. These 
likewise have been noted to return to the estab- 
lished normal levels upon return to the compen- 
sated state. However, it should be noted that 
Wollheim (7), using a modification of the dye 
method of Keith and Rowntree, (17), noted two 
types of congestive failure; the first with high and 
the second with low blood volumes. In both 
groups the blood volume returned toward normal 
as compensation was achieved. 

The relative magnitude and time relationships 
of total red cell volume and the plasma volume 


1This study was supported in part by the Atomic 
Energy Commission. 
2A. E. C. Post Doctorate Research Fellow. 


during congestive failure were also examined 
(1-4). Gibson and Evans (1) found that total 
red cell volume was elevated to a greater degree 
than plasma volume. In contrast, Seymour and 
his associates (2) found that the plasma volume 
rose more than did the total red cell volume. 
Other groups (3, 4) noted an equal rise in these 
components of blood volume. There was general 
agreement, however, that plasma volume was 
definitely more labile than total red cell volume, 
falling considerably more rapidly as compensation 
proceeded. This resulted in a temporary rise of 
the hematocrit, which returned to normal as the 
excess red blood cells were destroyed. 

The relation between the severity of failure, as 
indicated objectively by venous pressure, and de- 
gree of hypervolemia represents a point of disa- 
greement among the above-mentioned investiga- 
tors. Gibson and Evans (1) found a direct and 
definite correlation between increasing venous 
pressure and rising blood volume, which Meneely 
and Kaltreider (3) did not confirm. 

Since the development of methods utilizing red 
cells labeled with P** (18) or Iron®® (19), blood 
volume determination would appear to be on a 
theoretically sounder basis, the chief advantage 
being the localization of the labeled red blood cells 
in the vascular system and a consequent plateau 
level of radioactivity for a finite period of time (ap- 
proximately one hour with P**) (20) following 
mixing. During this time a sample can be with- 
drawn to determine accurately the degree of dilu- 
tion which has taken place. 

There is one possible objection to the determina- 
tion of the total blood volume by the tagged red 
cell method; namely, that the hematocrit in pe- 
ripheral veins may differ significantly from the 
“total body” hematocrit. Good evidence is lacking 
on this point, and the degree of difference depends 
on the method of approach to the problem. Ebert 
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and Stead (21) removed an ordinary venous 
sample from the antecubital vein for hematocrit, 
hemoglobin and protein content, then applied a 
tourniquet to the upper arm at 300 mg. Hg pres- 
sure, removed all the available blood, this blood 
presumably representing that in the larger ves- 
sels. Thereafter, an Esmarch bandage was ap- 
plied to the forearm from the wrist up and any re- 
maining blood in the arm was thus “milked” out. 
This blood was thought to come from the minute 
vessels of the arm. When compared, the hemo- 
globin concentration of the last samples were from 
0.8 gm. to 1.89 gm./100 cc. less than the original 
venous sample. They concluded that venous blood 
is richer in cells and poorer in plasma than the 
blood contained in minute vessels. From their 
figures, the value of small vessel hematocrit is ap- 
proximately 10% lower than that in the peripheral 
veins. Furthermore, the total estimated amount 
of blood in the minute vessels is from 10% to 17% 
(22,23). Therefore, the maximum difference be- 
tween venous hematocrit and total body hemato- 
crit brought about by the blood in the minute ves- 
sels could not exceed 1.5% unless a very large 
percentage of the blood was in the capillaries. The 
concept that the “total body hematocrit” differs 
from the venous hematocrit (24-27) has largely 
arisen because the total red cell volume as de- 
termined by labeled red cells has been shown con- 
sistently to be less than the total red cell volume 
as calculated from the plasma volume determined 
with T-1824 and the venous hematocrit. How- 
ever, as pointed out above, the dye methods are 
subject to error, giving falsely high plasma volumes 
and in turn falsely high calculated red cell volumes. 
In fact, even the various modifications of the dye 
method by the Louisville group (28-30) were not 
satisfactory in that the total red cell volume as de- 
termined by the dye was still higher than when 
methemoglobin labeled red cells were used. There- 
fore, the total body hematocrit concept, at least from 
this standpoint, rests on questionable experi- 
mental evidence. Since the total body hematocrit 
depends upon the plasma volume, a falsely high 
plasma volume calculation would lead to a falsely 
low total body hematocrit. 


( body hematocrit 


i Total red cell volume ) 
~ Total plasma + total red cell volume * 
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From the available evidence we do not believe that 
the total body hematocrit differs significantly from 
the venous hematocrit. We therefore believe the 
labeled red cell method for determining blood vol- 
ume to be accurate. No positive data have been 
produced to support this concept. But the weight 
of evidence against varying hematocrits, when 
viewed as a whole (16), certainly lends credence 
to it. 

Nylin and Hedlund (20) studied seven patients 
in congestive failure using P** labeled red cells; 
their results are not in complete agreement with 
the previous studies with the dyes. The data of 
these authors differed from the dye studies in that 
with primary left-sided failure with pulmonary 
congestion and high venous pressure, blood vol- 
ume was found to be practically normal and to 
remain practically constant with return of com- 
pensation. They found no correlation between 
venous pressure and blood volume in their cardiac 
patients. Recently Ross, Baka and Freis (31) 
have studied a group of patients with congestive 
failure with P*? labeled cells, and found that there 
was no significant increase in circulating blood vol- 
ume in patients with congestive failure as com- 
pared to controls. The types of cardiac abnor- 
malities studied were not stated in this abstract. 


METHODS 


The blood volume was determined with P*” labeled 
cells in 27 patients with congestive heart failure by the 
method of Hevesy and Zerahn (18) as modified in this 
laboratory (32, 33).3 With labeled red blood cells, the 
total red cell volume is determined and is independent of 
the hematocrit. The plasma volume and blood volume 
are calculated from the total red cell volume and the 
venous hematocrit. Since, as pointed out above, it is 
unlikely that venous hematocrit differs significantly from 
the “total body hematocrit,” the calculation of blood vol- 
ume and plasma volume by this method should not lead 
to error. 

Serum sodium was determined by the zinc uranyl ace- 
tate method (34). The normal range of serum sodium 
concentration using this method is 135-148 meq./liter. 
For the determination of total exchangeable body sodium, 
patients were given approximately 100 uc. of Na™ and the 
radioactivity of a plasma sample 18 hours after adminis- 


3 Blood samples for determination of dilution were taken 
20 minutes after administration of P® labeled cells. Nylin 
and Hedlund (20) have shown that mixing of red cells is 
complete well within this time in patients with congestive 
failure. 
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tration was determined in the same manner as were the 
P* samples (32). 


Total exchangeable body sodium space 
Disintegration/min. _ Disint./min. Na™ 
Na* injected excreted in urine 
Disint./min. Na*/cc. of plasma 


This calculation assumes a homogeneous concentration 
of the sodium. Since sodium is not homogeneously dis- 
tributed but is present in high concentration in bone and 
in low concentration in cells, the value obtained by cal- 
culation is virtual rather than actual. However, “sodium 
space” measurements are of considerable value when used 
comparatively. Total exchangeable sodium is then deter- 
mined by the following equation, assuming that at the 
end of 18 hours the specific activity of Na is uniform 
throughout the body. 


Serum sodium concentration 


x ‘Sodium space”’ 
in meq./liter 


in liters 
= Total sodium in meq. 
Where the 18-hour plasma samples contained both Na™ 
and P™, the following method was used to delineate the 
amount of activity of each: 


(1) The 18-hour plasma sample was counted initially, 
and one equation set up: Na“ + P*= initial count. 

(2) The same sample was counted 24 hours later, and 
a second equation set up: % remaining Na* + % remain- 
ing P*=count at 24 hours. 


The per cent remaining of each isotope at any given 
time was calculated from their well-established physical 
half-lives. There are then two simultaneous linear 
equations with two unknowns which can easily be solved 
for both unknowns. 


The criteria for heart failure are the usual; namely, 
evidence of cardiac abnormality by history, physical ex- 
amination and/or laboratory means. In addition, the 
presence of all or several of the following were required: 
dyspnea, orthopnea, cyanosis, pulmonary congestion and 
edema, peripheral edema, and fluid in the thoracic or ab- 
dominal cavities. Details of therapy are not outlined for 
each patient because Table III describes the exact clini- 
cal status of the patient on the day the blood volume was 
determined, as evaluated by examination at that time. 

The symptoms and physical signs of each patient are 
given in Table III. The data are expressed in terms of 
“wet” and “dry” cc./kilo. Wet weight includes edema 
fluid. Dry weight indicates body weight when patient 


had returned to partial or fully compensated state. 


Where only one determination was done, we have arbi- 
trarily subtracted 6 kilos and used the resulting figure 
as “dry” weight. The expression of volumes as cc./kilo 
of “dry” weight was used in order to avoid getting falsely 
low values, expressed as cc./kilo, because of excess 
weights. Admittedly, a certain percentage of patients 
will have more than 6 liters of edema fluid, so that our 
correction factor will be inadequate. However, even 
assuming they contain 12 liters excess, the values ex- 
pressed in cc./kilo in a 70-kilo individual would be only 
8.5% too low. Furthermore, the majority of patients 
studied had minimal to moderate edema, only four being 
classed as 4+ in degree. Warner and his co-workers 
(35) have recently observed the correlation between 
ederna and excess “sodium space.” They found that 1+ 
edemia in an average individual (1.73 m*) corresponded to 
an excess of roughly 3 liters while 4+ edema represented 
approximately 13 liters, with gradations as expected be- 
tween these limits. These figures further validate our 6- 


TABLE I 
Group with normal blood volumes 
Weight Tost | volume | volume Plasma volume 
Name Date Age valame (cc./kilo) (cc./kilo) 
cl. 
Wet Dry Wet Dry Wet Dry Wet Dry 
*R, W. 8-23-50 | 40 oe 61.4 | 4,236 cae 68.9 28.1 a 40.0 41 
M.S. 7-25-50 | 74 78.6 72.6 | 3,598 45.8 49.6 26.1 28.2 49.2 20.8 51 
8-17-50 | 38 68.6 3,740 54.5 23.3 30.7 43 
2\C. R. 8-31-50 | 38 _ 54.5 | 4,199 _ 77.0 - 33.1 _— 43.2 43 
"HH. R. 7- 6-50 | 59 81.8 | 3,755 45.9 20.2 25-2 44 
Cc. P. 7-18-50 | 71 59.5 53.5 | 3,481 58.5 75.6 24.6 31.8 33.3 43.1 47 
*W. M. 11-17-50 | 84 — 81.8 | 5,387 _ 65.8 — 26.3 — 38.9 40 
TG. 7-26-50 | 74 _ 102.3 | 4,239 —_ 41.4 — 14.5 _ 26.5 35 
M. Gr. 8- 9-50 | 53 61.4 55.4 | 4,354 70.9 79.2 29.8 33.2 40.4 46.0 47 
M.G. 5-22-50 | 47 64.5 59.5 | 3,380 52.4 58.8 27.7 30.3 24.7 28.5 53 
1fA. G. 6-14-50 | 62 73.1 — | 4,605 62.9 32.1 30.2 51 
2\A. G. 6-22-50 | 62 — 68.1 | 5,196 = 76.3 _ 38.1 — 374 50 
12- 7-49 | 34 _ $2.2 | 2,694 $1.5 20.6 30.0 40 
8-18-50 | 34 $2.2 | 3,012 57.9 24.8 43 
5-12-50 | 62 106.3 — | 4,084 37.7 23.4 14.2 61 
9-27-50 | 62 99.1 | 6,793 68.5 34.9 32.9 51 
Mean values 58.3 73.1 68.8 | 3,962.7 | 54.7 62.8 26.7 28 27.5 34.2 44.5 


* Patient too ill to be weighed. Therefore, either the patient’s usual weight prior to illness was used; or, when 


available, the weight was determined after recovery. 
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TABLE II 
Group with high total red cell volume, plasma volume or total blood volume 


Weight Total 

blood 

volume 
(ce.) 


Wet Dry 


Total blood 
volume 
(cc./kilo) 


Total red cell 
volume 
(cc. /kilo) 


Wet Dry Wet Dry 


A. Patients with Rheumatic Valvulitis 


9-14-50 
10-16-50 
11-21-50 
12- 1-50 
11-16-50 
1-29-51 
i- 
1-29-51 


wn 
a 
| 


Ne 

> 
wrt 


i 


SEASESE 
sess. 


~ 


= 
wn 


wl 


ane 


. Nonrheumatic Patients 


| 


Swen 


3) S885 
\ 


une 
Wim oo 


8 
3 


S| 
in| 


n 


*See footnote to Table I. 


kilo correction factor for patients, most of whom had 
minimal to moderate edema. 

Venous pressures were determined by measuring the 
height of a column of saline in a spinal fluid manometer, 
the arm being leveled by means of external landmarks 
at a point approximating the entrance of the superior 
vena cava into the right auricle. Arm to tongue circula- 
tion times were determined with 5 cc. of “decholin.” 


RESULTS 


The results are summarized in the Tables I-III 
and Figures 1-3. 


DISCUSSION 


For purposes of discussion it should be noted 
that the normal total red cell volume and plasma 
volume values in males and females expressed in 
cc./kilo are as follows (33, 36) : In males the total 
red cell volume averages 29.9 (range 22.8 to 35.8) 
and the plasma volume, 38.7 (range 32.6 to 45.1). 
In females the total red cell volume averages 27.0 
(range 2i:1 to 32.7) and the plasma volume, 37.0 
(range 27.3 to 46.6). 


Table I includes all patients who had entirely 
normal or low total red cell volume, plasma vol- 
ume and blood volume while in failure. Twelve 
patients are in this group, or 44.5% of the total; 
six are males and six females. This group can be 
divided into three clinical categories: a) Primarily 


wo so 200 
VENOUS PRESSURE, mm. SALINE 


RELATIONSHIP OF BLoop VoLUME TO VENOUS 
Pressure, In TOTAL CC. 
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Cz 
Name Date Age Hemate- 
Wet | Dry 
er 5,113 | 90.7 46 
4,255 | 88.3 42 = 
4,505 | 103.3 45 
6,768 96.7 48 
4,969 | 82.8 49 
a 5,000 | 86.7 46 
Re. 3,447 73.0 49 
ae 4,865 | 88.7 46.4 
3,377 | 60.8 17.0 28 
3,706 | 61.8 14.8 24 
6,319 | 77.2 19.4 25 
3,533 | 64.8 37.0 57 
si 4,469 | 86.4 27.7 32 net 
4.588 | — 39 
4,421 | — 25 
4,417 90.0] I 40.5 45 
4,065 | 73.4 26.0 32.9 
| 
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BLOOD VOLUME AND NA SFACE IN CONGESTIVE HEART FAILURE 


‘TOTAL BLOOD VOLUME, cc./kilo. 


250 
VENOUS PRESSURE, mm. SALINE 


Fic. 2. RELATIONSHIP OF BLoop VoLUME TO VENOUS 
PRESSURE, IN CC./KILO 


right-sided failure, b) primarily left-sided failure, 
c) failure of both sides of heart to a significant 
degree. We recognize the fact that failure of the 
right ventricle rarely occurs in the absence of fail- 
ure of the left, or vice versa. However, the clini- 
cal picture is very often determined by marked 
failure of one side and minimal failure of the 
other, or marked failure of both sides. Accord- 
ingly, the patients have been separated into the 
above categories. Patients were put in Group A 
when peripheral edema, liver engorgement, or as- 
cites were marked while dyspnea and pulmonary 
engorgement played a minor role. They were 
placed in Group B under circumstances just the 
reverse of Group A. Group C comprised those 
patients with significant degrees of failure in the 
greater and lesser circuits. One patient was in 
Group A, four in Group B, and seven in Group C. 


130; 


+ 


CIRC. TIME IN SECONDS 

Fic. 3. RELATIONSHIP OF BLoop VOLUME TO CIRCULATION 
TIME 
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It is thus seen that in this group of patients with 
congestive heart failure and normal blood volume 
there is not a predominance of left-sided failure. 
In fact, they comprise only one third of patients 
designated in Table I. It should be noted that in 
this group, 11 of the patients were in failure as a 
result of either arteriosclerotic or hypertensive 
heart disease and that only one patient had rheu- 
matic heart disease. 

All types of failure were found in the group 
with normal blood volumes. Also to be noted 
among those in Table I were the four patients 
where repeat blood volumes were done when com- 
pensation had returned. In every case there was a 
significant rise in blood volume as compensation 
returned. In three of these patients the total red 
cell volume and plasma volume rose to an equal 
degree. The fourth patient showed a much greater 
increase in plasma volume than total red cell 
volume. 

Table II includes all patients with any elevation 
of total blood volume, total red cell volume or 
total plasma volume. There are 15 patients in 
this group, or 55.5% of the total. There are nine 
females and six males. This group has been di- 
vided into: (A) those whose failure has been 
caused by old rheumatic valvulitis; (B) others— 
principally arteriosclerotic heart disease and hy- 
pertensive cardiovascular disease. Of the patients 
in Table II, all had significant involvement of 
both greater and lesser circulation. No patients 
with early acute left ventricular failure were avail- 
able for study during this investigation. 

It will immediately be seen that the mean val- 
ues for the total blood volume and its components 
in Group B border very closely on normal. It 
will be noted that four patients in this group were 
definitely anemic; the anemias being, as far as 
could be determined, on an azotemic basis. It has 
been observed that a low total red cell volume may 
be accompanied by a high plasma volume, pre- 
sumably a compensatory mechanism through 
which normal total blood volume is maintained. 
Therefore, it is not unlikely that these individuals 
were thrown into the high volume group because 
of their anemia with compensatory high plasma 
volumes, rather than as a result of heart failure. 
Nevertheless, three out of four have normal total 
blood volumes. Again a rise in blood volume with 
compensation occurred in one repeat study. In 


15 
° 
° 
— 
| 
ae 
wa 
wo) 
v0 
0 
Kare 20 
10) 
4 
\ = 
Vad \ \ | 


1480 


contrast, the first subgroup, the rheumatics, show 
strikingly high volumes. The mean value of their 
blood volume expressed in cc./kilo is 17.9 cc. 
greater than the mean of the total group in Table 
I, the total red cell volume and plasma volume be- 
ing increased to an approximately equal degree. 
One repeat study done in this group revealed a 
moderate fall in blood volume when compensation 
returned, total red cell volume expressed as cc./ 
kilo remaining the same, but plasma volume falling 
3.1 cc./kilo. This was the only instance in a total 
of six repeat determinations in both groups, in 
which the blood volume did not rise when com- 
pensation returned. 

As a group, therefore, the rheumatics have a 
much higher blood volume than those patients 
without rheumatic heart disease. Nevertheless, 
one patient with rheumatic heart disease and in 
failure had an entirely normal blood volume and 
two patients with nonrheumatic heart disease 
had very high volumes. In one of these two pa- 
tients the increase in total blood volume was caused 
by equal increments of total red cell volume and 
plasma volume. The other patient had a greater 
rise in plasma volume than in tdtal red cell volume. 

In agreement with Meneely and Kaltreider (3), 
and as shown by the scatter diagrams in Figures 1 
and 2, no correlation was found between either 
venous pressure or circulation time and blood vol- 
ume. However, as previously noted, our blood 
volume data differed markedly from theirs. Us- 
ing the product moment method, the coefficient of 
correlation between venous pressure and_ total 
blood volume was 0.17. It was not possible to 
correlate blood volume and venous pressure sepa- 
rately in the right-sided and left-sided failure 
groups because almost all patients in whom venous 
pressure was measured had significant failure of 
both sides of the heart. 

The finding of a normal or only minimally in- 
creased blood volume in most (18 of 27) patients 
in frank cardiac decompensation requires a re- 
examination of some of the current concepts of the 
pathologic physiology of cardiac decompensation 
as regards blood volume, particularly in patients 
with arteriosclerotic heart disease, hypertensive 
cardiovascular disease, or myocardial infarction, 
etc. 

Of interest are the serum sodium values meas- 
ured in seven of these patients (Table IV). Three 
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TABLE IV 
Serum sodium and total body sodium values 


Total sodium Sodium 


space 
(liters) 


Serum 
sodium 
(meq.) 


Bod 


(gm.) 
113.6 


(meq.) 
4,939 


57.0 


Roe 


SQZP 


3,147 
5,084 


72.4 
116.9 


3,720 85.6 


of these seven patients were restudied after com- 
plete or partial compensation had occurred. In 
agreement with previous reports (37) we found 
no patients with serum sodium concentration ele- 
vated beyond the range of normal.* In those 
with repeat studies after compensation, no signifi- 
cant fall in serum sodium values (average of 3 
meq.) was found. Total exchangeable body so- 
dium determinations were done in four of these 
patients using Na* and invariably high values were 
found in failure.. Sodium has been found to equili- 
brate rapidly between plasma and extracellular fluid 
(39, 40). Any increase in sodium level of the 
body results in concomitant expansion of the so- 
dium (approximately extracellular) space rather 
than a rise in sodium concentration. Contrary to 
the suggestion of Warren and Stead (41) the 
plasma volume did not rise as the interstitial space 
expanded, nor vice versa, in five out of six cases 
studied during and after failure. In fact, just the 
opposite occurred. As compensation returned, 
with edema disappearing, the plasma volume rose. 
From these observations it appears that plasma 
volume is not controlled directly by rise and fall 
of the volume of the interstitial space. 


CONCLUSIONS 


(1) The blood volume has been determined with 
P*? labeled red blood cells in 27 patients in con- 
gestive failure. 


* Total exchangeable body sodium determinations and 
serum Na concentrations have been done in approximately 
30 patients in congestive failure by Warner and his associ- 
ates (35) in this laboratory using Na™ and the flame 
photometer method (38). They also have found markedly 
elevated total exchangeable body sodium levels, and serum 
sodium concentrations which vary from normal to low. 
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(2) Twelve of 27 patients had normal blood 
volume, total red cell volume and plasma volume. 
In 11 of these patients the failure was due to 
arteriosclerotic heart disease or hypertensive car- 
diovascular disease; in one, a result of old rheu- 
matic valvulitis. 

(3) Fifteen of the 27 patients had either an 
elevated blood volume, total red cell volume, or 
plasma volume. These 15 patients were divided 
into two groups: (A) those with rheumatic valvu- 
litis, seven; and (B) those with hypertensive car- 
diovascular disease or arteriosclerotic heart dis- 
ease, eight. In Group A the total blood volumes 
were markedly increased, total red cell volume and 
plasma volume rising in equal degrees ; in Group B, 
only slightly increased, the degree of rise in total 
red cell volume and plasma volume varying mark- 
edly from patient to patient. 


(4) In five of six instances studied, the blood’ 


volume increased when compensation occurred. 
In the sixth patient, blood volume decreased with 
return of compensation. 

(5) Serum sodium concentration did not change 
markedly during heart failure, but total body so- 
dium rose to a marked degree. 
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STUDIES IN FAT METABOLISM. 


I. THE COLORIMETRIC DE- 


TERMINATION OF KETONE BODIES IN BIOLOGICAL 
FLUIDS * 


By GEORGE D. MICHAELS, SHELDON MARGEN,? GERALD LIEBERT, anp 
LAURANCE W. KINSELL 


(From the Institute for Metabolic Research of the Highland Alameda County Hospital, 
Oakland, Cal.) 


(Submitted for publication May 18, 1951; accepted August 27, 1951) 


The lack of a simple and accurate method for 
the quantitative determination of ketone bodies 
in biological fluids accounts in large measure for 
the relatively small amount of data in the litera- 
ture relating to ketone metabolism. Most of the 
methods which have so far been described have 
required the conversion of B-hydroxybutyric and 
acetoacetic acids to acetone, the distillation of the 
acetone so formed, and the quantitative determina- 
tion of the acetone in the distillate by gravimetric, 
titrimetric, or colorimetric procedures. The most 
serious limitation of these procedures lay in the 
likelihood of loss of acetone during distillation. 
The necessity for the use of a reflux condenser in 
the process of conversion of acetoacetic acid and 
B-hydroxybutyric acid to acetone also constituted 
a source of possible loss of acetone. The percent- 
age loss, when one was dealing with small quanti- 
ties of acetone, could be of considerable magnitude. 

The method to be described eliminates distilla- 
tion and refluxing. It makes use of the colori- 
metric determination of acetone phenylhydrazone 
described by Greenberg and Lester (1). The fol- 
lowing difficulties were encountered in the method 
as described by these authors: 


1. Acetoacetate in the presence of acid dichro- 
mate instead of being entirely decarboxylated to 
acetone is partially and unpredictably converted 
to compounds other than acetone. 

2. As the result of inadequate time of refluxing 
and possibly to too concentrated a dichromate 
solution, predictable recovery of B-hydroxybuty- 
rate was not possible. 


1 This work is supported by grants from the Commercial 
Solvents Corporation and from the Armour Laboratories. 

2Damon Runyon Clinical Research Fellow, 1949 to 
present. 
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EQUIPMENT AND REAGENTS 


Equipment 

1. Narrow neck, screw top, heavy rim, 4 ounce bottles.3 

2. Heat resistant, plastic screw caps to fit these bottles.? 

3. Washers for the screw caps cut from Goodrich 
Ameripol D rubber sheets.¢ The washers were treated 
by boiling for 15 minutes in approximately 2 normal so- 
dium hydroxide, washed in running tap water, rinsed in 
distilled water, soaked in carbon tetrachloride for about 
30 minutes, and shaken in the dinitrophenylhydrazine so- 
lution for 10 minutes before their initial use. This 
treatment removed interfering materials from the syn- 
thetic rubber. Other rubber products, both natural and 
synthetic, were tried but were rot satisfactory. 


Reagents 


1. Barium hydroxide, 0.15 N.5 

2. Zine sulfate, ZnSO,-7H:0, 2.5 gm./100 cc. of water.5 

3. Sulfuric acid, 13.6 N. 

4. Potassium dichromate, 0.4 gm./100 cc. of water. 

5. Sodium sulfite, 5.0 gm./100 cc. of water. 

6. 2:4 dinitrophenylhydrazine, 0.1 gm. in 100 cc. of 2.0 
N HCI (filter before use). 

7. Carbon tetrachloride (reagent grade). 

8. Sodium hydroxide, 10.5 N. 


DETERMINATION OF KETONES IN WHOLE BLOOD 


Precipitation of blood protein—(a modification of the 
method of Weichselbaum and Somogyi [2]) 


Add, with shaking, 5 cc. of unclotted blood (collected 
in a heparin or Wintrobe oxalate tube) to 15 cc. of dis- 
tilled water in a small flask. Allow five minutes for com- 
plete hemolysis. 


8 Owens-Illinois glass botties No. A-4254 fitted with 
20 mm. black plastic screw caps have proven satisfactory. 

4 Acknowledgment is made to the B. F. Goodrich Com- 
pany for supplies of Ameripol D synthetic rubber. 

5 The concentration of these reagents must be so ad- 
justed that 5.0 cc. of the zinc sulfate solution, diluted to 
a volume of 25 cc. will require 5.0 cc. of the barium hy- 
droxide solution to produce a permanent pink color, using 
phenolphthal*in as an indicator. 
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Then add slowly 15 cc. of the barium hydroxide solu- 
tion (with shaking) followed by 15 cc. of the zinc sul- 
fate solution. Allow at least 10 minutes for complete pre- 
cipitation of the blood protein. Filter through a good 
grade paper such as Whatman No. 40. 


Hydrolysis and oxidation of keto acids 


To each of two bottles, add 5 cc. of the whole blood fil- 
trate and 1 cc. of 13.6 N sulfuric acid. Place caps on 
tightly (with pliers to avoid any possible loss of acetone) 
and autoclave for 10 minutes at 15 to 20 Ibs. pressure. 
This decarboxylates all of the acetoacetic acid to acetone, 
and does not affect the 8-hydroxybutyric acid. 

After removal from the autoclave and cooling to room 
temperature, add 1 cc. of 0.4% potassium dichromate 
solution. One bottle is used directly;for the determination 
of preformed acetone plus acetone derived from aceto- 
acetic acid. Oxidation and hydrolysis of 8-hydroxybuty- 
ric acid is carried out in the other by autoclaving for 30 
minutes (bottle tightly sealed). Under these conditions 
a quantitative conversion of §-hydroxybutyric acid to 
acetone is achieved.® 


Quantitative determination of acetone 


To each bottle add 1 cc. of 5% sodium’ sulfite,? replace 
the caps and mix thoroughly. The sodium sulfite reduces 
the free dichromate which otherwise would oxidize 
both the hydrazine and the hydrazone. Add 5 cc. of the 
acid dinitrophenylhydrazine solution and 5.0 cc. of carbon 
tetrachloride. Recap the bottles and shake for 10 min- 
utes at a rate of approximately 260-275 times per minute 
(any Kahn shaker is satisfactory). Add 3.0 cc. of 10.5 
N sodium hydroxide, shake for five minutes, and pour 
the entire contents of each bottle into a test tube. Re- 
move the supernatant aqueous layer by suction, and 
compare the color of the carbon tetrachloride fraction 
with the appropriate standard. 

The color of the standards is obtained from the reac- 
tion of 5.0 cc. of an aqueous acetone solution (0.1 cc./liter 
or 7.92 mg./100 cc.) ; the color of the blanks, from the 
reaction of 5 ce. of water. In each instance the material 
is treated in the same manner as the whole blood. 

We recommend for acetone concentrations in the blood 
ranging from 2 to 29 mg./100 cc., a wave length of 420 
millimicrons ; for a range from 0 to 2 mg./100 cc., a wave 
length of 375 millimicrons. The use of a-Klett-Somerson 
or comparable colorimeter, employing a blue filter, gives 
satisfactory results. 

Since Beer’s Law holds, in a range of 0 to 14 mg./100 
cc., the concentration of ketones in the blood (in terms of 
acetone equivalents, mg./100 cc.) will equal 7.92-Du/Ds 
(Figure 1). 


6 Standard §-hydroxybutyrate obtained from British 
Drug Houses, Ltd. 
7 Prepare a fresh solution every week. 
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Procedure for determination of urine ketones 


Urine ketones can be determined in the same way. Pro- 
tein precipitation is unnecessary unless proteinuria is 
present. A 1: 10 dilution has been found to be satisfactory 
for normal urines. 


RESULTS 


The recovery of acetoacetic acid and B-hydroxy- 
butyric acid in aqueous solution or added to blood 
is shown in Table I. 

In the present method, in the absence of di- 
chromate, 100% conversion of acetoacetate to ace- 


TABLE I 
Recoveries of acetoacetic and B-hydroxybutyric acids 
(expressed as acetone) 


Amount 
Recovery} 
(per cent) 


100 Acetone in H:0 
99 


101 
101 


Acetone in H:O, treated 
with ZnSO, and Ba(OH)s 


Ethyl acetoacetate from 
H:0 


Ethyl acetoacetate from 
treated with ZnSO. 
and Ba(OH)s 


6.82 8-hydroxybutyric acid from 
H:0 


6.74 8-hydroxybutyric acid from 
20 treated with ZnSO« 


and Ba(OH): 


0.8 Acetoacetic acid 
0.25 
5.30 
6.78 


8-hydroxybutyric acid 


98.5 
99.4 


4.58 
6.82 


Ethyl acetoacetate 


8-hydroxybutyric acid 


All determinations were done in quadruplicate with a 
variation of less than + 1%. 


’ 
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: 
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vent | added 
(mg./100 
Water 6.34 6.34 
4.75 4.70 
3.17 3.20 | 
6.82 
6.82 
Blood | 0 
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TABLE II 
Results from analysis of blood of patients 


Acetone and aceto- 
Patient acetic acid 
(mg./100 cc.) 


D. 0.31 0.53 
R. O. M. 0.03 0.35 
F. E.R. 0.07 0.52 
B.R. A. 0.38 0.45 
OC, 0.12 0.40 


Total ketones 


8-hydroxybutyric acid 
(mg./100 cc.) 


(mg./100 cc.) Diagnosis 


Cirrhosis and nephritis 


Hepatitis, acute 


Hepatitis, chronic 


Jaundice, obstructive 


Cirrhosis 


0.34 


Congestive failure , 


L.A. R. 0.33 


Cirrhosis 


0.20 


Hypogonadism 


R. O. S. 24 hr. fasting 30 
48 hr. fasting 14.5 
72 hr. fasting 28.5 


Diabetic 
Diabetic 
Diabetic 


tone is obtained. In the presence of dichromate, 
as in the method of Greenberg and Lester (1), 
only a 40-60% recovery results. Recovery of B- 
hydroxybutyrate by our method was consistently 
100+ 1%. ZnSO, and Ba(OH), did not alter 


the recoveries. 

a-Ketoglutaric acid, lactic acid, and pyruvic acid 
in concentrations of 1 to 50 mg./100 cc. did not 
interfere with quantitative recovery of acetone, ace- 
toacetate, or B-hydroxybutyrate. 

Blood sugars in excess of 200 mg./100 cc. re- 
sult in high ketone values. Appropriate dilutions 
must be made for such bloods. 

In Table II are shown the fasting blood ketones 
obtained in a group of patients, including three 


consecutive values in a fasting diabetic over a 48 
hour period. 


SUMMARY 


A quantitative colorimetric method for ketones 
in biological fluids is presented. It eliminates the 
need for distillation and refluxing. 


REFERENCES 


1. Greenberg, L. A., and Lester, D., A micromethod for 
the determination of acetone and ketone bodies. 
J. Biol. Chem., 1944, 154, 177. 

2. Weichselbaum, T. E., and Somogyi, M., A new method 
for the determination of small amounts of ketone 
bodies. J. Biol. Chem., 1941, 140, 5. 
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II. EVALUATION OF THE EF- 


FECT OF TESTOSTERONE PROPIONATE UPON KETONE, 
CARBOHYDRATE, AND PROTEIN METABOLISM IN A 
PATIENT WITH DIABETES MELLITUS COMPLI- 
CATED BY THYROTOXICOSIS *? 


By LAURANCE W. KINSELL, SHELDON MARGEN,’ GEORGE D. MICHAELS, ano 
DAVID P. McCALLIE wirh THE TECHNICAL ASSISTANCE oF C. T. ANDERSON, 
L. E. SUITER, V. T. THOMPSON, F. E. OLSON, anp 
B. T. SIGNOROTTI 


(From the Metabolic Research Unit, University of California, U. S. Naval Hospital, 
Oakland, Cal.) 


(Submitted for publication June 18, 1951; accepted August 27, 1951) 


In 1937, Kochakian observed that testosterone 
compounds, when administered to castrate dogs, 
resulted in nitrogen retention (1). This coin- 
cided with the acquisition of a proportional amount 
of protein tissue in such animals. An identical 
effect in man was demonstrated by Kenyon and 
his co-workers (2), and subsequently by others 
including Albright, Brown, Butler, Howard, Tal- 
bot, Wilkins, and their respective co-workers. 

Albright noted that the administration of testos- 
terone to a fat man on a low caloric intake resulted 
in diminished nitrogen in the urine and cessation of 
weight loss (3) (Figure 1). The explanation of 
this phenomenon is not hard to find. The energy 
equivalent of protein tissue (which is about 80% 
water) is approximately 0.8 calorie per gm.; that 
of fat tissue (which contains only 10% water) is 
8 to 9 calories. Therefore, 1 gm. of fat tissue 
yields approximately 10 times the number of cal- 
ories obtainable from 1 gm. of protein tissue. An 
individual who spares protein tissue and who oxi- 
dizes fat tissue in an amount calorically equivalent 


1 This work was supported in part by grants from the 
Schering Corporation; Research Division of the Bureau 
of Medicine and Surgery, U. S. Navy (BuMed No. 
007046) and from the Office of Naval Research, under 
a contract between the latter and the University of 
California. 

2 This paper was presented in part at a joint meeting of 
the American Diabetes Association and the Association 
for the Study of Internal Secretions at Atlantic City, New 
Jersey, on June 4, 1949. 

3 Schering Research Fellow in Endocrinology, 1948- 
1949; Damon Runyon Clinical Research Fellow, 1949- 
1951. 

USN. 

5 Used with the permission of Dr. Fuller Albright and 
the Josiah Macy, Jr. Foundation. 


to such protein tissue will consume only one-tenth 
the weight of tissue in the course of such oxidation. 
In other words, when one burns fat and builds 


NITROGEN BALANCE 
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BODY WEIGHT 


KILOGRAMS 
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Fic. 1. Prorein-spARING ACTION OF TESTOSTERONE 
PROPIONATE IN AN OBESE INDIVIDUAL ON A Low CALORIE 
INTAKE 

(Modified from Albright.5) 
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Fic. 2. EQuIvALENts oF Fat AND PROTEIN 
TISSUE 


It is apparent that the combustion of 1 gm. of fat tissue 
can spare more than 10 times that mass of protein tissue. 


protein, he can lay down approximately 10 gm. of 
protein tissue for every gram of fat tissue which is 
oxidized. This is depicted diagrammatically in 
Figure 2. 

An agent such as testosterone, therefore, which 
has a major protein anabolic effect, and which can 
exert a protein sparing action in individua’s on 
a low calorie intake might produce such an effect 
by accelerating the rate of fat oxidation. The 
present investigation was designed to evaluate 
this possibility. 


EXPERIMENTaL CONDITIONS 


The patient selected for the study was a 27 year old 
male with severe diabetes, complicated by severe thyro- 
toxicosis (his basal metabolic rate was consistently in 
excess of plus 80%).® 

The nature of the metabolic abnormalities made the 
production of any desired degree of ketonemia, ketonuria, 
hyperglycemia, and glycosuria a simple matter. Through- 
out the study, his dietary intake was in excess of 3900 cal- 
ories and consisted of 128 gm. of protein, 264 gm. of fat, 


6 This patient was transferred to our service specifically 
for this study through the kindness of Dr. Gordon E. 
Hein and Dr. Felix Kolb of the Veterans Administra- 
tion Hospital, San Francisco. 
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and 259 gm. of carbohydrate. The diet was chemically 
constant throughout. Its composition was checked at 
regular intervals by chemical analyses of homogenized 
aliquots. Diet and crystalline insulin (155 units daily) 
were administered to him in five portions between the 
hours of 10:00 a.m. and 10:00 p.m. On this diet and on a 
program of constant activity, he was in weight equilibrium, 
and his urinary nitrogen averaged 19 gm. daily for a pe- 
riod of more than two weeks prior to the administration 
of any therapeutic agent other than insulin. 

At 8:00 each morning (10 hours after the patient had 
received his last food and last insulin), fasting blood 
specimens were obtained for sugar and ketones. Twenty- 
four hour urine collections were divided into three com- 
ponent portions: the first, from 6:00 to 8:00 am.; the 
second, from 8:00 to 10:00 a.m.; and the third, from 
10:00 a.m. to 6:00 a.m. the following morning. Sugar, 
total ketone, nitrogen, sodium, phosphorus, potassium, 
and other determinations were carried out in these speci- 
mens. 

Respiratory quotient determinations were obtained be- 
tween the hours of 8:00 and 9:00 a.m. daily. All respira- 
tory quotient data are corrected for urinary sugar and 
urinary nitrogen. 


METHODS 


The urinary glucose was determined by Benedict's 
method (4), and the blood sugars by Nelson’s modifica- 
tion of the Somogyi procedure (5). The blood and uri- 
nary ketones were quantitated by the method of Barnes 
and Wick (6) (this study was carried out prior to the 
development of the method of Michaels and associates, 
Paper I of this series), and the urinary nitrogens by the 
Kirk modification of the Kjeldahl procedure (7). Re- 
spiratory quotients were determined with the use of a 
closed circulating system in which the oxygen was 
measured by a precision wet test meter, and the carbon 
dioxide was absorbed in a solution of sodium hydroxide. 
The carbonate formed was quantitated in a Van Slyke 
manometric blood gas apparatus (8). As noted above, 
all respiratory quotient values were corrected for urinary 
sugar and for urinary nitrogen. The total amount of 
urinary ketones was not of sufficient magnitude to war- 
rant the use of a correction factor. 


RESULTS OF METABOLIC STUDY 


In Figure 3 are shown the data dealing with uri- 
nary sugar, ketones, and nitrogen, fasting blood 
sugar and ketones, respiratory quotient, basal 
oxygen consumption, and daily weight, obtained 
over a period of 25 days in the man above de- 
scribed. Because of the length of the study, only 
four days of control are shown. The patient, how- 
ever, had been in a state of essential equilibrium 
for a period of two weeks prior to the administra- 
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Fic. 3. THe Errects oF TESTOSTERONE PROPIONATE 
upon Boop AND Urinary SuGAR AND KETONES, URINARY 
NITROGEN, RESPIRATORY QUOTIENT, BASAL OxyGEN Con- 
SUMPTION, AND Bopy WEIGHT IN PaTIENT WEL 


tion of testosterone. In chronological sequence, 
the observations are as follows: 


Pre-testosterone 


During this time the patient excreted approxi- 
mately 75 gm. of glucose, 5 gm. of urinary ketones, 
and 19 gm. of urinary nitrogen, daily. 

His fasting blood sugar averaged 275 mg./100 
ce., and his fasting blood ketones, 35 mg./100 cc. 
Non-protein respiratory quotients, as one would 
expect, averaged about 0.73, a value compatible 


MICHAELS, AND D. P. MCCALLIE 


with almost exclusive fat combustion. (The re- 
spiratory quotient was obtained after complete 
abstinence from food or insulin for a peried of 
more than 10 hours.) The patient’s weight dur- 
ing this time averaged 106 pounds with minor 
fluctuations. 


Response to 50 mg. of testosterone propionate * ® 


Except for a slight decrease in urinary nitrogen 
and urinary sugar and slight weight gain, no sig- 
nificant changes were noted during the six days 
that the patient received this dose of testosterone 
propionate. We have no explanation for the 
single bizarre respiratory quotient of 0.59. 


Response to the administration of 150 mg. of 
testosterone propionate daily 


In previous experience with the use of testos- 
terone in normal individuals and in patients with 
various metabolic abnormalities, we have felt that 
50 mg. of testosterone propionate daily produced 
almost as great metabolic effects as would larger 
dosage. In this man the following changes im- 
mediately followed the administration of 150 mg. 
of testosterone propionate daily, whereas as noted 
above, the smaller dose produced minimal changes 
in this portion of the metabolic pattern: 

1. Urinary sugar, after an increase to approxi- 
mately 125 gm. on the first day of the large dose 
of testosterone, fell steadily to values approximat- 
ing 25 gm. of glucose daily. 

2. Urinary nitrogen decreased to an average 
level of 10 gm. daily, that is, to approximately 
half the amount excreted prior to the administra- 
tion of testosterone. 

3. Fasting blood sugar fell as low as 150 mg./ 
100 ce. 

4. Fasting blood ketones fell from their previous 
high levels to average values of 10 mg./100 cc. 

5. Urinary ketones reached negligible levels. 


7 Grateful acknowledgment is made to Dr. Edward 
Henderson, Research Director, Schering Corporation, for 
generous supplies of testosterone propionate (Oreton) 
used in this study. 

8 Testosterone propionate was administered intramus- 
cularly. During the time of administration of 150 mg. 
daily, 50 mg. were given at 3 and 6 a.m., and 25 mg. at 
10:00 a.m. and 10:00 p.m. 
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6. The corrected (non-protein) respiratory quo- 
tient fell to values which on some occasions were 
below 0.71. 

7. Basal oxygen consumption did not change 
significantly. It was, however, subject to less 
daily fluctuation. This could be accounted for by 
the greatly improved clinical status of the patient. 

8. Weight gain of 10 pounds occurred during 
the 13 days that the patient received 150 mg. of 
testosterone propionate daily. 


Clinical status of the patient 


Prior to the administration of testosterone, he 
had been very irritable in the early morning,| 
This perhaps was attributable in part to the lack 
of adequate carbohydrate combustion and to the 
moderate ketosis. Within the three days follow- 
ing the beginning of testosterone administration, 
a most impressive change occurred in the clinical 
picture. He awakened spontaneously, was thor- 
oughly cooperative, and, although still quite hy- 
perkinetic (as one would expect in any individual 
with a basal metabolic rate in excess of plus 80), 
became a model patient. Prior to this, quite close 
supervision had been necessary to make sure that 
diet, activity, and medication were constant. 


Additional studies 


In addition to the studies just noted, determina- 
tions of urinary phosphorus, potassium, sodium, 
and other constituents were carried out during 
the first 25 days and also during periods of with- 
drawal and resumption of testosterone administra- 
tion and administration of other hormonal agents. 
These studies will be described elsewhere in con- 
junction with similar studies in patients with un- 
complicated thyrotoxicosis and uncomplicated dia- 
betes. Suffice it to say for the present, that when 
testosterone was withdrawn prompt “rebound” 
occurred in terms of increased urinary nitrogen, 
sugar, ketones, and rapid deterioration in the 
clinical status of the patient. 


DISCUSSION 


The administration of testosterone propionate 
in adequate dosage to a patient with severe diabetes 
mellicus, associated with severe thyrotoxicosis, 
produced major metabolic changes which may be 
summarized as follows: 


METABOLISM. 
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1. Little or no decrease in basal oxygen re- 
quirement. 

2. Inhibition of protein catabolism, as mani- 
fested by decrease in nitrogen excretion, to ap- 
proximately two-thirds of the previous amount. 

3. A rapid fall in fasting blood sugar, and a de- 
crease in urinary sugar excretion to less than one- 
half the previous amount. 

4. A fall in fasting blood ketones to less than 
25% of the previous values, and an equivalent fall 
in urinary ketone excretion. 

5. Rapid weight gain roughly proportional to 
the decrease in nitrogen excretion. 

6. Fasting, non-protein, respiratory quotient 
values compatible with nearly exclusive fat com- 
bustion. 

Interpretation of the preceding observations is 
not too simple. A portion of the interpretations 
must at the present time be speculative. 


Factual interpretations 


1. The energy requirement in this patient was 
not diminished. 

2. The fall in fasting blood sugar and in urinary 
sugar appears to be attributable largely or entirely 
to decreased protein catabolism. Inspection of 
Figure 1 reveals that the decrease in urinary sugar 
and the fall in dextrose equivalent of nitrogen 
(D/N = 3.65) are reasonably parallel. 

3. Consequently there was little or no increased 
energy derived from glucose inasmuch as the 
changes in blood sugar could be accounted for al- 
most entirely on the basis of decreased carbo- 
hydrate formation rather than increased carbo- 
hydrate utilization. 

4. Since the patient actually gained weight, had 
no increased calories available from carbohydrate, 
diminished calories available from protein, and 
had no decrease in energy requirement, it appears 
that he must of necessity have had an increased 
catabolism of fat. 

5. Despite such increased fat catabolism, the 
blood and urinary ketones fell to an extreme 
degree. 


Speculative interpretations 

The observation of decreased blood and urinary 
ketones despite an increase in fat catabolism sug- 
gests that testosterone propionate in this patient 
may have: 
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1. Decreased the rate of ketone formation from 
fatty acids, or 

2. Increased the rate of ketone utilization. 
Other studies will attempt to elucidate the mecha- 
nisms involved. 


SUMMARY 


A patient with severe diabetes mellitus associ- 
ated with severe thyrotoxicosis, on a chemically 
constant dietary intake and constant insulin ther- 
apy, during the administration of 150 mg. of 
testosterone propionate daily manifested a fall in 
urinary sugar, nitrogen, and ketones of quite 
marked degree. 

It is suggested that under these experimental 
conditions, the changes observed may have been 
due in part at least to a direct effect of testosterone 
upon fat or ketone metabolism. 
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STUDIES IN FAT METABOLISM. III. THE EFFECT OF ACTH, 
OF CORTISONE, AND OF OTHER STEROID COMPOUNDS 
UPON FASTING-INDUCED HYPERKETONEMIA 
AND KETONURIA 
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As previously described (1), testosterone pro- 
pionate appears to have a direct or indirect effect 
upon fat metabolism. The present study was ini-! 
tiated for the purpose of evaluating further the ef- 
fect of testosterone and of other hormonal entities 
upon fat metabolism. 

A standard fasting technique was devised as a 
reasonably simple method of inducing hyper- 
ketonemia. Initially, patients were fasted for two 
and one-half days, and subsequently for three and 
one-half days. As expected, almost all individuals 
had a progressive rise in blood and urinary ketone 
bodies during the period of the fast. Each indi- 
vidual was used as his own control, that is to say 
one or more control fasts were carried out during 
which time no treatment was administered. Subse- 
quently, one or more identical fasts were carried 
out during which time the patient was treated with 
specific hormonal agents. 


METHODS 


In addition to blood and urinary ketones, urinary ni- 
trogen, sodium, potassium, and 17-ketosteroids have been 
determined, as well as blood sugar, serum phosphorus, 
and circulating eosinophil levels. Urinary nitrogen has 
been determined by the Kirk modification of the Kjeldahl 
procedure (2). Urinary sodium and potassium have 
been quantitated using the Beckman flame photometer. 
Blood and urinary ketones have been determined by the 


1 This work is supported in part by grants from the 
Pharmaceutical and Research Divisions, Armour and 
Company, and from the Office of Naval Research. 

2A portion of this work was carried out on the wards 
of the hospital of the University of California Medical 
School, San Francisco. 

8A portion of this work appears in the Proceedings of 
the Second Clinical ACTH Conference, Volume I—Re- 
search, John R. Mote, Ed., Blakiston Co., 1951, pages 
308-317. 


method of Michaels and associates (3); serum phos- 
phorus by the method of Fiske and SubbaRow (4) ; blood 
sugar by the method of Giragossintz, Davidson and Kirk 
(5); and circulating eosoinophils by the method of 
Randolph (6). 


RESULTS 


A total of more than 150 fasts in more than 50 
patients have been carried out to date. As noted 
above, the procedure initially consisted of a two 
day fast. In Figure 1 is shown a summary of 
some of the findings in the first patient in whom 
the fasting procedure was instituted, a 45 year 
old male with relatively mild diabetes mellitus. 
This patient, at the time that the studies were first 
begun, had received no insulin at any time. He 
had an initial fasting blood sugar which approached 
250 mg./100 cc., and a fasting blood ketone level 
of approximately 10 mg./100 cc. (normal value less 
than 1 mg./100 cc.). During the first two and one- 
half day fast, the patient, after an initial fall in 
blood ketones, had a progressive rise to a level 
in excess of 30 mg./100 cc. Also during the first 
36 hours, there was a fall in blood sugar from his 
original level to values of less than 150 mg./100 cc. 

The second fast was carried out a week later. 
It is of interest that following the initial fast, this 
man’s fasting blood sugar values remained below 
200 mg./100 cc. Testosterone propionate * was 
administered in a dosage of 100 mg. daily begin- 
ning four days before fast No. 2. During this 
fast, the blood sugar values fell to completely nor- 
mal levels (normal range for this method varies 
from 60 to 100 mg./100 cc.). Initial fasting blood 
ketones were in a normal range and rose progres- 


*Grateful acknowledgment is made to Dr. Edward 
Henderson of the Schering Corporation for supplies of 
testosterone propionate. 


1491 


3 
: 
4 
a 
; 
; 
t 
: 
x 
| 
| 
| 
“a 


KINSELL, MARGEN, MICHAELS, REISS, FRANTZ, AND CARBONE 


PATIENT ROS 
rast: | 2 «9/7- 979/50) | (973- 9/16/3900 
NO MEDICATION TEST PROP 
100 MGM/24 HOURS 


TEST, PROP. 
100 MGM/24 HOURS 


749) 
TEST. 


Ox DIABETES MELLITUS 


Fast FAST M6 114/69) 
TEST. PROP. 
100 MGM/24 HOURS 
(ARMOUR) 
LOT m3506 
100 HOUR’ 


Fast®? 
100 MGM /2 4 WOU 
TEST. PROP. REBOUND ACTH (ARMOUR) 
LOT 3406 


nouns 


BLOOD SUGAR 


MGm PER 


TOTAL BLOOD KETONES 


MGM PER 100CG 


COSINOPHIL COUNT couNT count 
NOT PERFORMED NOT PERFORMED NOT PERFORMED 


PER 


GOSINOPHILES 


24 mouRs 


URINARY NITROGEN 


EOSINOPHK COUNT 
NOT PERFORMED 


12 24 36 48 60 T2 12 24 36 48 60 72 


12 24 36 48 60 T2 


Fic. 1. 


36 48 72 


12 24 36 48 60 72 
WOURS OF FAST 


2 4 36 48 60 T2] 12 24 36 48 60 


Errect OF TESTOSTERONE PROPIONATE AND OF ACTH upon Fastinc-Inpucep HyPERKETONEMIA IN A Pa- 


TIENT wiTH Diabetes MELLITUS 
It is apparent that: a. Testosterone propionate did not significantly modify the fasting-induced hyperketonemia. 


b. ACTH depressed to a marked degree the fasting-induced hyperketonemia. 


c. Fasting-induced hyperketonemia was 


greatly depressed during the period of “testosterone rebound.” 


sively during the two and one-half days of the 
fast. The urinary nitrogen excretion was sig- 
nificantly less during this fast as compared with 
fast No. 1. Testosterone propionate was adminis- 
tered continuously in the dosage above noted over 
the next several weeks (until the completion of 
fast No. 5). 

Fast No. 3 was carried out over a period of 72 
hours. At the end of this period, the fasting blood 
ketones exceeded 60 mg./100 cc. 

During the last 24 hours of fast No. 4, the pa- 
tient received 25 mg. of ACTH ° intramuscularly 
every two hours for four doses( first dose at 48th 
hour of fast). The blood ketones which had risen 
precipitously, as in fast No. 3, fell from a level of 
68 mg. % to 28 mg. % during the last 18 hours of 
the fast. No increase in urinary nitrogen occurred 
despite the ACTH administration. 

During fast No. 5, the patient continued to re- 


5 Grateful acknowledgment is made to Dr. John R. 
Mote of the Armour Laboratories for supplies of ACTH. 


ceive testosterone and also received ACTH—25 
mg. every six hours during the period 10/18 to 
10/21. The blood ketones at no time exceeded 
20 mg./100 cc. Urine nitrogen excretion was 
higher than during the fast on testosterone alone, 
and the blood sugars rose to levels approaching 
150 mg./100 cc. 

On October 28, testosterone was discontinued ; 
and fast No. 6 was performed during the period 
of November Ist to 4th. During this period of 
“testosterone rebound” (that is during the period 
of increased protein catabolism which always oc- 
curs when testosterone is discontinued), the blood 
ketone levels remained below 5 mg./100 cc. 
throughout the entire fast ; the urine nitrogens re- 
mained high; and the blood sugar levels averaged 
100 mg./100 cc: There was no fall in circulating 
eosinophils. 

The final fast (No. 7) was performed one week 
later during which time the patient again received 
25 mg. of ACTH every six hours throughout the 
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Fic. 2. Contror Fast 1n a “NormMAc” MALE 


period November 8th to November llth. No 
other medication was administered. The blood 
ketone values during this fast were comparable to 
those during the period of “testosterone rebound.” 
The blood sugars and the urinary nitrogens were 
slightly higher ; and the circulating eosinophils fell 
to 0, indicating an adequate adrenal response to 
the administered ACTH. 
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CHa FAST #6 
Fic. 3. Fast wits ACTH In THE SAME PATIENT 
SHown IN Ficure 2 


The marked decrease in hyperketonemia and ketonuria 
is apparent. 


A large group of patients without evidence of 
any endocrine abnormality has been studied in 
the manner indicated above. In Figures 2 and 3 
are shown the values obtained during a control 
fast and during a fast with ACTH treatment (25 
mg. every six hours) in a man with simple ex- 
ogenous obesity. During the control fast the blood 
ketones rose to levels approximating 35 mg./100 
cc. An identical fast carried out in conjunction 
with ACTH administration resulted in final blood 
ketone values which were less than 10 mg./100 cc. 
The urinary ketone excretion was proportional to 
the blood levels. Blood sugar levels were sig- 
nificantly lower during the control fast than dur- 
ing ACTH administration. Urinary nitrogen val- 
ues tended to be relatively constant during the 
control fast, and to rise during the fast with 
ACTH. An excellent eosinophil response was 
observed during the “ACTH fast.” 

In Figure 4 are shown serial studies in a young 
male suffering from rheumatoid arthritis. During 
control fast No. 1 (August 29-September 1), his 
blood ketones rose to values in excess of 40 mg./ 
100 cc., and his blood sugars fell. 

ACTH in the usual dosage (100 mg. daily) was 
begun on September 12th. During fast No. 2 
(September 12-15), the fasting blood ketones did 
not exceed 15 mg./100 cc. A third fast carried out 
two weeks later (during which time the patient 
had received ACTH continuously) showed a 
maximal blood ketone value only slightly in ex- 
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Fic. 4. Serta Fastinc Stupres 1n A YOUNG MALE PATIENT wITH RHEUMATOID ARTHRITIS 
Both ACTH and cortisone greatly diminish the fasting-induced hyperketonemia. 


cess of 10 mg./100 cc., and an average level much 
below this. - 

Fast No. 4 carried out two days after discon- 
tinuance of ACTH resulted in a rise of blood ke- 
tones to approximately 35 mg./100 cc. on the third 
day. 

Fast No. 5 carried out six weeks later, during 
which time oral cortisone * was administered con- 
tinuously in a dosage of 300 mg./24 hours, re- 
sulted in maximal blood ketone levels well below 
10 mg./100 cc. 

Fasting alone was associated with a tendency to 
fall in circulating eosinophils, but the magnitude 
of this fall was not comparable with that resulting 
from ACTH and cortisone. Urinary nitrogen ex- 
cretion and blood sugar levels were significantly 
higher during the fasts associated with ACTH 
administration. 


6 Grateful acknowledgment is made to Dr. Augustus 
Gibson of Merck & Company for supplies of cortisone and 
Compound A. 


The findings in this patient are characteristic of 
those observed in more than 20 individuals with 
rheumatoid arthritis who have been so studied 
(with the exception of patient Lew noted below), 
and also characteristic of the other individuals 
studied excepting those with specific endocrinopa- 
thies (see below). 

In Figure 5 are shown the findings in a patient 
with rheumatoid arthritis, whose ketone response 
is the only exceptional one thus far encountered. 
There were other bizarre features in his pattern 
of ACTH response. During fast No. 1, this pa- 
tient had a maximal rise in blood ketones to values 
approximating 35 mg./100 cc. 

During fast No. 2, the patient received gradually 
increasing amounts of ACTH (caution was exer- 
cised because of the presence of glaucoma). A 
significant fall in eosinophils occurred but the 
maximal level of ketones was actually higher than 
during the control fast. 

During fast No. 3, the patient received the usual 
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dosage of 100 mg. of ACTH daily (and also was 
pretreated with his material). He again had a 
progressive elevation of blood ketones which sig- 
nificantly exceeded that obtained during the con- 
trol fast. During this period of ACTH adminis- 
tration, no fall in eosinophils occurred. On the 
other hand, there appeared to be no question that 
adrenal stimulation was obtained, in view of the 
very high 17-ketosteroid values and the evidence of 
marked sodium retention. It is of interest also 
that this patient made a minimal clinical response 
to ACTH administration. One might conjecture 
that this man’s adrenals produced unusual steroids 
in response to ACTH treatment. 

In Figure 6 is shown the response pattern in a 


female patient with monocytic leukemia. The’ 


characteristic suppression of hyperketonemia and 
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Fic. 5. Fasting Stupres 1n aN “ACTH-REsIsTant 
PATIENT” WITH RHEUMATOID ARTHRITIS 

The findings would suggest some bizarre type of adrenal 

cortical response to the administered ACTH. 
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hyperketonuria was observed in this patient to- 
gether with an increase in urinary 17-ketosteroid 
excretion and urinary nitrogen excretion. No fall 
in circulating eosinophils was obtained, presum- 
ably because of the abnormal condition of the bone 
marrow in this individual. 

In Figure 7 are shown the findings in a patient 
with a syndrome characterized by insulin resistant 
diabetes, hirsutism, amenorrhea, and the lack of 
any spontaneous ketonuria despite a blood sugar 
which was constantly in excess of 300 mg./100 cc.” 
(This patient on one occasion received in excess 
of 20,000 units of crystalline insulin intravenously 
in a space of 24 hours without any fall in blood 
sugar occurring.) 

During the control fast in this girl, the blood 
and urinary ketones remained at levels only slightly 
in excess of normal. The blood sugar values ac- 
tually rose (instead of falling as is the usual ob- 
servation in the control fasts). The urinary ni- 
trogens remained low and the circulating eosino- 
phils were at all times at a level compatible with 
considerable adrenocortical stimulation. Urinary 
17-ketosteroids were not elevated. 

During ACTH administration, it will be noted 
that blood and urinary ketones were actually in- 
creased over the control level. This same state- 
ment applies to the blood sugar levels and urinary 
nitrogen excretion. The rise in 17-ketosteroid 
excretion and fall in circulating eosinophils to 0 
would be compatible with adrenocortical response 
to the administered ACTH. 

This patient subsequently had an exploratory 
laparotomy which revealed the presence of large 
polycystic ovaries but failed to reveal evidence of 
tumor of either adrenal gland. Unfortunately the 
surgeon did not obtain a biopsy of the adrenal at 
the time of surgery. Both ovaries were removed 
without any detectable alteration in the clinical 
or biochemical status of the patient. Menopausal 
symptoms did not ensue, nor did the characteristics 
of her diabetes change. 

It seems probable to us that this patient has 
some variety of adrenal hyperplasia secondary to 
pituitary pathology which accounts for all of om 
metabolic and clinical abnormalities. 

In Figure 8 are shown the findings in a young 


7 We are indebted to Dr. Myron Arrick for the op- 
portunity to study this patient. 
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Fic. 6. Fastinc Stupres 1n A PaTIENT witH Monocytic LEUKEMIA 
The effect of ACTH upon blood ketoties is in accord with the observations in other patients studied. 
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Fic. 7. Fastinc Stupres In A PATIENT SUFFERING FROM INSULIN-RESISTANT D1ABeTEs, HirsutTIsM, OBEsITY, 
AND AMENORRHEA 
The findings would suggest that this patient has some variety of adrenocortical hyperplasia. She does not 
have Cushing’s syndrome, nor does she have typical adrenogenital syndrome. 
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Fic. 8. Fastinc Stupres A YOUNG 


male patient with severe thyrotoxicosis. We had 
anticipated that the fasting-induced hyperketone- 
mia in this patient would be most excessive; in- 
stead, essentially no elevation in blood ketones 
was obtained during either the control fast or the 
fast during which ACTH was administered. Ex- 
cept for an increase in urinary nitrogen, an ele- 
vation in serum phosphorus, and a significant 
change in the pattern of urinary sodium and po- 
tassium and 17-ketosteroid excretion, the findings 
in the two fasts were essentially identical. One 
might postulate that a patient with thyrotoxicosis 
would have sufficient adrenal cortical hyperplasia 
to account for these findings. The relatively high 
eosinophil level and the rather poor response of 
eosinophils to administered ACTH would not 
agree too well with this concept. An alternative 
hypothesis would be that hyperthyroidism per se 
is associated with an increased rate of utilization 
of ketones.® 

In Figures 9 and 10 are shown four fasting stud- 


8 Since the submission of this paper a “control” fast, 
carried out in a female hyperthyroid patient, resulted in 
the usual picture of marked hyperketonemia. 


Fasting with or without ACTH failed to produce a hyperketoneria in this patient. 


MALe PATIENT wITH THYROTOXICOSIS 


ies obtained in a female patient with active acro- 
megaly. A number of interesting and not readily 
explainable changes were observed in this patient. 
These findings may be summarized as follows: 


1. Blood ketones. The “usual” suppression of 
hyperketonemia was obtained with ACTH, but 
apparent accentuation of hyperketonemia occurred 
during cortisone administration. Testosterone 
propionate appeared to diminish the early phase 
of ketone elevation, but did not modify the even- 
tual hyperketonemia. 

2. Circulating eosinophils disappeared com- 
pletely in response to ACTH and fell markedly 
during fasting alone and during cortisone adminis- 
tration. 

3. Serum phosphorus. As in the case of most 
acromegalics, this was elevated initially. It rose 
to extremely high levels during the control fast. 
It fell during the administration of ACTH, of 
cortisone, and of testosterone. 

4. Blood sugar. This was slightly elevated ini- 
tially. It fell in a marked degree during the con- 
trol fast; during the “testosterone fast” ; tended to 
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Fic. 9. Fastine Stupres In A FEMALE PATIENT WITH ACROMEGALY 
The usual effect of ACTH upon blood ketones is observed. 
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Fic. 10. Fastinc Stupres 1n THE SAME ACROMEGALIC PATIENT 
Cortisone in this patient appeared to accentuate rather than to depress the hyperketonemia. Testosterone may have 


delayed the elevation in blood ketones, but did not prevent the high level on the third day. 
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Errect oF Compounp A (11-DEHYDROCORTICOSTERONE) UPON 


Fasti1nG-INpuceD HyPERKETONEMIA 
No metabolic effect of this preparation in a dosage of 600 mg. a day 


could be observed. 


fall during cortisone administration; and rose 
significantly during ACTH administration. 

5. Urinary nitrogen was highest during ACTH 
administration and lowest during testosterone ad- 
ministration, as one would expect. 

6. Urinary 17-ketosteroids rose to the highest 
levels we have observed in anyone with this dos- 
age of ACTH (121 mg./24 hr. during the third 
day of ACTH administration). 


7. Urinary sodium was excreted in large 
amounts during the control fast and during cor- 
tisone administration; and was retained during 
ACTH and testosterone administration. 

8. Urinary potassium was excreted in very 
large amounts during the administration of ACTH. 


We have not been able to arrive at a satisfactory 
explanation for the differences in blood ketones 
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12. Errect or ACTH Fastinc-InNpucep HyPpERKETONEMIA IN A 


Severe D1aBeETIC 
Two findings are of interest: 1. ACTH did not prevent hyperketonemia for 


reasons which will be discussed elsewhere. 


2. The amount of urinary sugar 


is greater than can be accounted for on the basis of urinary nitrogen. No 
emphasis is placed upon this finding because of the possibility of endogenous 
stores of glycogen contributing to the urinary hexose. 


during ACTH and cortisone administration re- 
spectively. All other patients, so far studied who 
have received cortisone, have had the same ketone 
response to this material as has been noted with 
ACTH. 

In Figure 11 are shown the findings during a 
fast associated with the administration of 600 mg. 
of Compound A daily. This same patient had a 
very usual response to ACTH administration in 
terms of all entities studied. One may, therefore, 
assume that Compound A in this dosage has no 
effect upon urinary 17-ketosteroids, blood ketones, 
serum phosphorus, blood sugar, circulating 
eosinophils, or urinary nitrogen. 

For reasons which will be discussed presently, 
it was desired to determine the effect of ACTH 
upon fasting-induced hyperketonemia in a patient 
with relatively severe diabetes. In Figure 12 are 
shown the composite findings of an attempted 


study in a girl of 19 who required 80 units of in- 
sulin daily on an average diet. 

During the control fast, the blood sugar which 
fell initially (as the result of residual effect of 
protamine zinc insulin) had reached levels in ex- 
cess of 350 mg./100 cc. by the end of the third day. 
The blood ketone levels exceeded 75 mg./100 cc. 
at this same time. 

When ACTH was administered in a dosage of 
25 mg. every six hours during the second fast, 
an extremely rapid rise in blood sugar followed 
by an equally rapid rise in blood ketones occurred. 
The study was of necessity terminated in the early 
part of the second day because of the occurrence of 
progressive dehydration and acidosis. It is in- 
teresting that in this patient the increase in uri- 
nary sugar considerably exceeded the expected in- 
crease on the basis of urinary nitrogen (see below). 

In Figure 13 are shown 20 blood ketone levels 
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The suppression of fasting-induced hyperketonemia by ACTH is obvious. 


obtained in eight patients during standard fasts 
with and without ACTH. These values were 
taken at random from studies on individuals with- 
out endocrinopathies. The suppressing effect of 
ACTH upon fasting-induced hyperketonemia is 
apparent. 


DISCUSSION 


From the foregoing data, certain deductions ap- 
pear to be warranted: 


1. The administration of adequate amounts of 
ACTH or of cortisone to the majority of fasting 
individuals (without pre-existing endocrinopa- 
thies) results in partial or complete suppression 
of the fasting-induced hyperketonemia. 

2. This suppression is usually associated with 
an elevation of blood sugar and an increase in uri- 
nary nitrogen. 

3. The total increase in urinary nitrogen is 
usually of small magnitude; that is, it would not 
appear ta be adequate in amount to explain any 
major “fat sparing effect” during the period of 
fast. 

4. During the administration of ACTH and 
cortisone, there is no decrease in energy require- 
ment ; if anything, the oxygen utilization increases. 

5. From the foregoing, it would appear that the 
suppression of fasting-induced hyperketonemia by 
ACTH and certain adrenal steroids can only have 
a limited number of explanations. Among these 
would be the following : 


a. That one or more adrenal steroids increase 
the rate of utilization of ketones by peripheral tis- 
sues. 

b. That one or more adrenal steroids decrease 
the rate of formation of ketones from fatty acids, 
and at the same time increase the rate of direct 
utilization of fatty acids for energy purposes by 
peripheral tissues. 

c. That certain adrenal steroids so change the 
metabolic pathway of fatty acids, that mid-zone 
metabolites other than ketones are formed. Among 
such possible metabolites would be hexose. 


Other reports from this laboratory, dealing with 
the rate of utilization of intravenously administered 
ketones and of intravenously administered fatty 
acids in the human subject under controlled con- 
ditions with and without ACTH, cortisone, and 
other adrenal steroid administration, will subse- 
quently be presented. It is the purpose of this 
paper only to indicate that such substances do, 
in a very significant way, influence the metabolism 
of fat, and to suggest some of the ways in which 
such metabolic modification could be accomplished. 

If one examines the findings in diabetic patient 
Har (Figure 12), he finds that during the first 
two days of the “ACTH fast” the total amount 
of nitrogen excreted was slightly in excess of 23 
gm., and that the total amount of glucose excreted 
was slightly in excess of 200 gm. On the basis of 
a D/N ratio of 3.65, the maximal amount of car- 
bohydrate which could have been derived from 
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protein during this period would be 84 gm. This 
leaves 116 gm. of carbohydrate not accounted for 
by urinary nitrogen. This finding would at least 
be compatible with the concept that a portion of 
the effect of adrenal steroids is that of acceleration 
of neoglucogenesis from fat. It is recognized that 
in this patient, storage glycogen may have con- 
tributed in some measure to the excreted carbo- 
hydrate. The findings in this patient will be dis- 
cussed in more detail in another paper in this series 
dealing with studies in diabetics on pure fat in- 
take. Whatever the final explanation may be, there 
appears to be no question that one or more adrenal 
steroids exert profound effects upon fat metabo- 
lism. 


SUMMARY | 


1. Total fasting over a period of three and one- 
half days results in significant hyperketonemia and 
ketonuria in the majority of subjects studied. 

2. The administration of ACTH and cortisone 
in adequate amounts results in partial or complete 
suppression of such fasting-induced hyperketone- 
mia and ketonuria. eke 
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3. It appears that such an effect can be ac- 
counted for only on the basis of modification of 
the metabolic pathways of fat. 

4. The possible modifications which might oc- 
cur are considered. 
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The subcutaneous and intravenous infusion of 
adrenaline in man at a rate of 8 to 10 gamma per 
minute has previously been shown to produce a 
decrease in both renal plasma flow and glomerular 
filtration rate (1-4). The changes are not, how- 
ever, proportional; and thus with a greater re- 
duction in the plasma flow, a rise in filtration frac- 
tion results. The effects of the adrenaline-induced 
renal ischemia and hypofiltration on electrolyte 
excretion have not been adequately described. It 
is the purpose of this report to present data con- 
cerning the effect of intravenous adrenaline on 
both renal function and electrolyte excretion. 


METHODS 


Studies of renal function and determinations of electro- 
lyte excretion were conducted on 12 young men without 
evidence of cardiovascular or renal disease. The ex- 
perimental subjects received a normal hospital diet which 
contained between 7 and 15 grams of sodium chloride daily. 
The experiments were performed with the patients in the 
basal state after adequate hydration by the oral ingestion 
of one liter of water 60 to 90 minutes before the study. 
After three control periods of 15 minutes each, 0.45 to 
0.80 mg. of adrenaline was administered by a constant in- 
jection syringe during a 45 minute period. The renal 
clearance studies were repeated during the administration 
of adrenaline. Renal plasma flow was determined by the 
clearance of para-aminohippurate as previously described 
(5). The glomerular filtration rate was measured by the 
clearance of inulin utilizing the method of Roe, Epstein, 
and Goldstein (6). The average priming solution of so- 
dium para-aminohippurate and inulin consisted of 3 cc. and 
50 ce., respectively. The average sustaining solution con- 
tained 14 cc. of sodium para-aminohippurate and 100 cc. 
of inulin, diluted to 200 cc. with triple distilled water. 
Approximately 150 cc. of sustaining solution was used 
for each experiment. 

Sodium and potassium were determined by an internal 
standard Perkin-Elmer flame photometer. Chloride was 


1 Published with the approval of the Chief Medical 
Director. The statements and conclusions published by 
the authors are the result of their own study and do not 
necessarily reflect the opinion or policy of the Veterans 
Administration. 


determined by the titrimetric iodate method of Sendroy as 
modified by Van Slyke and Hiller (7). 


RESULTS 


The control values for renal hemodynamic and 
electrolyte studies are the averages of three con- 
secutive periods. The values during the constant 
infusion of adrenaline are the averages of two 
periods beginning 15 minutes after the start of the 
infusion, 

There was a marked and significant decrease in 
the mean renal plasma flow (t = 7.82, P < 0.01). 
In nine subjects the rate of glomerular filtration 
decreased, and in the other three it increased 
slightly. The mean change in the filtration rate 
was Statistically significant (t = 2.62, P < 0.02). 
The filtration fraction increased in all patients, and 
the mean change was highly significant (t = 9.32, 
P<0.01). The clearance data are recorded in 
Table I. 

The serum sodium and chloride concentrations 
were unchanged by the administration of adren- 
aline. However, the serum potassium fell in each 
instance. The mean decrease in serum potassium 
was highly significant (t = 3.90, PP <0.01). Se- 
rum electrolyte concentrations are recorded in 
Table II. 

A decrease in urinary sodium, chloride, and po- 
tassium excretion occurred in each subject. The 
mean change for each of the electrolytes studied 
was very significant (P< 0.01). The rate of 
urine flow decreased in eight subjects and increased 
in the other four. The mean change for the 
group was + 9.4 percent. The urinary electrolyte 
excretion was independent of the rate of urine flow. 
Data for urinary electrolyte excretion are re- 
corded in Table IIT. 

The data presented in this report afford a means 
of studying the interrelationships of hypofiltration 
and electrolyte excretion. There was a moderate 
direct correlation between per cent change in uri- 
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TABLE I 
Renal hemodynamic studies before and during adrenaline infusion 


Renal plasma flow 
(cc. per min.) 


Glomerular filtration 


Filtration fraction 
(per cent) 


(cc. per min.) 


Per cent 
change 


During 


adrenaline Control 


During 


During 
adrenaline 


adrenaline Control 


363.5 


= 


—15.3 
—18.4 
+5.0 
—8.3 
—21.3 


vz| 
s 


os 


— 15.3 
+16.2 


nary sodium and per cent change in renal plasma 
flow (r = 0.65), and a high direct correlation be- 
tween per cent change in urinary sodium and per 
cent change in glomerular filtration (Figure 1) 
(r = 0.84). Eliminating the effect of glomerular 
filtration, by the method of partial correlation (8), 
reduced the correlation between per cent change 
in urinary sodium and per cent change in renal 
plasma flow to insignificance (partial r = 0.46, 
P>0.1). 

Analysis of the data on chloride excretion and 
renal function was similar to that for sodium but 


yielded somewhat lower correlations. The correla- 
tion between per cent change in urinary sodium 
and per cent change in urinary chloride was 0.66. 

An insignificant correlation was found between 
per cent change in the urinary potassium and per 
cent change in renal plasma flow (r =0.55, P > 
0.05). Similarly, an insignificant correlation was 
found between per cent change in urinary potas- 
sium and per cent change in glomerular filtration 
rate (r = 0.55, P > 0.05). There was no corre- 
lation between the per cent change in urinary potas- 
sium and the per cent change in serum potassium 


TABLE Il 


Serum electrolyte concentrations before and during adrenaline infusion 


Serum sodium 
(milli-equivalents per liter) 


(milli-equivalents per liter) 


Serum chloride 


Serum potassium 
(milli-equivalents per liter) 


Per cent 
change 


During 


adrenaline Control 


Control 


During Per cent 


adrenaline 


Per cent 
change 


During 


adrenaline Control 


—2.7 
—23.3 
—31.1 
—20.5 
—28.5 
—20.4 
-11.7 
—24.1 

—7.3 

—5.5 
—17.4 
—15.5 


3.91 


an 


os 


—17.3 
+9.1 


ae 
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TABLE Ill 
Urine electrolyte excretions before and during adrenaline infusion 


Urine sodium excretion 
(micro-equivalents per minute) 


Urine chloride excretion 
(micro-equivalents per minute) 


ame 
Urine potassium excretion (@ 
(micro-equivalents per minute) 


Control Per cent 


During Per cent 


adrenaline 


Per cent 


change Control 


During 
adrenaline 


= 
> 


9 


— 64.1 
— 38.4 
—27.6 
—80.0 
—79.3 
—31.4 
—59.8 
—58.2 
—47.2 
—32.4 
—61.2 
—75.5 


—54.6 
+18.9 


X= O.59Y+0.8 


£ 
= 


=80 ¥ 


-20 -30 -40 -50 -70 


Percent Change Ung 


Fic. 1. CorrELaTIon BETWEEN PER CENT CHANGE IN 
GLOMERULAR FiLtraTiIon Rate (GF) anp Per CENT 
CHANGE IN Urtnary Soprtum Excretion (Una) 


(r= -—0.01). This pattern for potassium was 
not altered by applying the method of partial 
correlations. 


DISCUSSION 


There are three major factors which regulate 
the renal excretion of sodium and chloride ; namely 
serum concentration, glomerular filtration rate, 
and tubular reabsorption. No evidence exists that 
these ions are cleared by tubular excretion. Un- 
der ordinary circumstances the serum concentra- 
tion of these ions remains relatively constant. It 
is therefore apparent that this factor, per se, has 
no influence on the urinary excretion of these 


electrolytes. The constant infusion of adrenaline 
did not alter the serum concentration of either 
sodium or chloride, and thus this factor did not 
contribute to the changes in the excretion of these 
electrolytes. 

It is impossible to assess adequately the relation- 
ship of glomerular filtration and tubular reabsorp- 
tion to the ultimate excretion of sodium and chlo- 
ride. Formulae which are used to express tubular 
reabsorption or rejection fractions are fallacious 
since under normal circumstances they merely ex- 
press the constancy of the serum ion concentra- 
tion. Furthermore, it is not possible to assess tu- 
bular reabsorption activity as an independent en- 
tity when the filtration rate is changing (9). The 
perplexity of the problem is manifested by the 
conflicting opinions expressed in the current liter- 
ature (9-13). 

Under the conditions of this experiment there 
was a high degree of correlation between hypo- 
filtration and diminution in urinary sodium and 
chloride. Such a relationship could result from 
any or all of the following factors: (1) decreased 
load, (2) increased rate of tubular reabsorption, 
and (3) decreased velocity of flow in the tubular 
lumen. Since the serum electrolyte concentration 
was constant, decreased load and hypofiltration are 
synonymous. If hypofiltration were the sole fac- 
tor and the percentage of tubular reabsorption of 
the filtered load were constant, then the percentage 
changes in glomerular filtration and urinary elec- 
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trolyte excretion would be comparable. However, 
the changes in urinary sodium and chloride were 
more than three fold those of filtration rate. 
Since hypofiltration is associated with proportion- 
ately greater changes in urinary sodium and chlo- 
ride, other factors must be involved. In view of 
these disproportionate changes, tubular reabsorp- 
tion cannot be evaluated as an independent entity 
(9). While increased tubular reabsorption must 
be at least a contributing factor, this does not nec- 
essarily infer increased specific activity of tubular 
cells for reabsorption of sodium and chloride. 
Hypofiltration may influence reabsorption by in- 
creasing the time of contact of electrolytes with 
tubular cells. 

The problem of evaluating potassium excretion 
is much more complex than that for sodium and 
chloride since both tubular reabsorption and tu- 
bular excretion are involved. With the infusion 
of adrenaline the problem is further complicated by 
a decrease in the serum concentration of potas- 
sium. The alteration in serum potassium is 
not, however, correlated with the. changes in 
renal function nor with urinary excretion, and 
must reflect an intracellular shift. A similar de- 
crease in serum potassium has been noted by Keys 
following the injection of epinephrine (14). This 
author also noted a return above pre-injection 
levels within 50 minutes. It is to be noted that 
our studies were carried out during the constant 
infusion of epinephrine, and the serum potassium 
was not determined subsequently. The decrcased 
urinary excretion of potassium during adrenaline 
infusion cannot be adequately explained by either 
the changes in serum concentration or by hypo- 
filtration. 


CONCLUSIONS 


1. The constant intravenous infusion of adren- 
aline in doses of 10 to 18 gamma per minute caused 
a decreased renal plasma flow, a decreased glo- 
merular filtration rate, and an increased filtration 
fraction. 

2. There was a decrease in the urinary excretion 
of sodium, chloride and potassium. The serum 
sodium and chloride were not altered but the se- 
rum potassium decreased. 

3. A high degree of correlation was demon- 
strated between the percentage changes in urinary 


sodium and chloride and the percentage change in 
glomerular filtration rate. This was not true for 
potassium. 

4. Tubular reabsorption could not be evaluated 
in the presence of reduced filtration rate. The 
reasons for this have been discussed. 
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Frequently it is desirable to determine quanti- 
tatively the inflammatory response of tissues to 
chemical irritants. Until now the approach to 
this problem has depended chiefly upon subjective 
analysis of the degree of redness or swelling of in- 


flamed tissues, such as that reported by Munch | 


(1). Technics which depend to a considerable 
extent upon the investigator’s visual evaluation 
possess certain recognized inherent errors. Even 
the unintentional bias of the investigator may sig- 
nificantly influence the assignment of a specific 
value to a visually observed physiological phe- 
nomenon. 

Oettel (2) has described a method of accurately 
determining the redness associated with inflamed 
tissue. However, a quantitative relationship be- 
tween redness and inflammation has not been 
firmly established. More recently Weatherby (3) 
has utilized the phenomenon of trypan blue fixa- 
tion at sites of inflammation. The color depth 
of the trypan blue deposited in inflamed sites is 
visually compared with color standards, and a 
quantitative relationship between trypan blue fixa- 
tion and inflammation has been found to exist over 
a limited range. This technic appears to be ex- 
tremely sensitive to hydrogen ion concentration 
and is not entirely satisfactory for irritants which 
produce tissue destruction. 

To obviate completely subjective analysis, a 
new basis for determining the degree of inflamma- 
tion was sought. It is generally agreed that a fun- 
damental change in inflammatory processes is 
manifested by increased capillary permeability and 
passage of fluid into the injured area. The follow- 
ing study was conducted to determine whether the 
fluid content of an area is proportional to the 
intensity of inflammation. If this relationship ex- 


1 This study was aided by a grant from the Ethicon 
Suture Laboratories, Inc. 
2Ethicon Fellow, University of Cincinnati. 


ists, a measurement of the water content by totally 
objective procedures should afford a potential 
method of determining quantitatively the response 
of tissue to chemical irritants. 


EXPERIMENTAL METHOD 


Hair from the ventral surface of five-pound white male 
rabbits was removed with electrical clippers (Oster 
model A-2 animal clipper with No. 40 cutting head). 
The skin was thoroughly cleansed with a dilute solution 
of tincture of green soap and rinsed with distilled water. 
Selected sites were injected intradermally using syringes 
of 0.25 ml. capacity and hypodermic néedles of 25 to 27 
gauge. Injections were of 0.05 ml. amounts. Rabbits 
were sacrificed 24 hours after injection. An area one 
inch square surrounding the injected site was marked in 
ink and lightly scored with a scalpel to facilitate ac- 
curate excision. After all areas had been demarcated, 
the dermis layer was cleanly separated from the under- 
lying subcutaneous tissue and transferred to weighing 
bottles which had been previously weighed. The weight 
of the wet tissue was determined. The samples were then 
heated under 28 to 29 inches of vacuum in an oven at 
70° C. for 18 hours. The samples were cooled and re- 
weighed to obtain the weight of dry tissue and to deter- 
mine the quantity of water present in the initial specimen. 
A factor to be designated as W was computed. 


Weight of water (g.) x 100 
Weight of dry tissue (g.) ; 


The effect of three irritants, 360E, Sovasol 35, and hy- 
drochloric acid, was studied by this procedure. Both 
360E and Sovasol 35 are non-polar materials which have 
been employed in the sterilization of catgut sutures and 
were found by the usual technic to possess potent inflam- 
matory properties. Both fractions have a specific gravity 
of 0.75 and are water insoluble; however, up to 2 per 
cent emulsions may be uniformly dispersed in isotonic 
saline which contains two drops of Aquet/100 ml. 
(Aquet is a commercial non-ionic surface active agent.) 

A stock solution containing two drops of Aquet/100 
ml. of isotonic saline was prepared. Concentrations of 
0.5, 0.75, 1.0, 1.5, and 2.0 per cent of 360E and Sovasol 
35 were prepared by volume in the stock solution. 

Six rabbits were used to test each irritant. Six sites 
were injected in each rabbit, one with the control solu- 
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TABLE I 
W and per cent change in W 


Rabbits 9930 and 9931 
Injected with different concentrations of 360E 


Concentration 360E (by volume) 


0.5 per cent 0.75 per cent 


1.0 per cent 1.5 per cent 2.0 per cent 


Ww AW(%) Ww AW(%) 


Ww AW(%) Ww 4W(%) AW(%) 


40.7 
72.3 


9930 233 333 42.8 328 
9931 123 177 43.9 212 


95.6 
145.5 


84.2 456 
89.4 302 


424 82.1 429 
237 92.7 233 


tion and the other five with each of the concentrations. 
The sites for injection of emulsions at each concentra- 
tion were varied from one animal to |another. The con- 
trol injection of the stock solution (isotonic saline con- 
taining Aquet) was also made at sites similarly varied. 
To determine the influence of tissue destruction and the 
osmotic effect produced by a chemical agent on the tissue 
water content, the actions of hydrochloric acid and of 
equimolar concentrations of sodium chloride were stud- 
ied. From constant-boiling hydrochloric acid, solutions 
of 0.1, 0.5, 1.0, 2.5, and 5.0 per cent concentrations were 
prepared in distilled water. Equimolar concentrations of 
sodium chloride in distilled water were -similarly pre- 
pared. Six sites were injected in each of six rabbits with 
the three lowest concentrations of hydrochloric acid solu- 
tions and the three osmotically equivalent solutions of so- 
dium chloride. Equimolar solutions were injected in 
bilaterally symmetrical positions. In the same manner 


each of six rabbits was injected with 2.5 and 5.0 per cent 
hydrochloric acid solutions and the corresponding sodium 
chloride solutions. 


RESULTS 


All sites injected with Sovasol 35 and 360E ap- 
peared red and swollen, and a general trend of in- 
creased reaction with increased concentrations of 
irritant could be discerned. Control areas showed 
no evidence of inflammation. With one exception, 
W values of the control areas ranged between 220 
and 296. The W values for areas injected with 
irritant were invariably greater than those of the 
corresponding control. 

The control values of W and the W values ob- 
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Fic. 1. Loc [Concentration Sovasor 35 (Grams) X 107] 
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TABLE II 
Linear coefficients and statistical data 


Irritant a (intercept) b (slope) 


Standard de- 
viation from 


Total 
variability 


—46.8 
— 103.4 
—40.3 


Sovasol 35 
360E 


Hydrochloric acid 


863 
1,924 
3,170 


tained at a particular concentration were subjected 
to regression analysis. Results indicated that a 
statistically significant relationship existed between 
the state of hydration of the essentially normal con- 
trol sites and the response of the tissue to the 
chemical irritant. This relationship may be dem- 
onstrated by the two animals in the series in which 
the W values were widely divergent (Table I). 
Expression of the results in per cent change in W 
with respect to the control value indicates that 
the relative changes in W with change in concen- 
tration are comparable when the influence of nor- 
mal biological variations is considered. For this 
reason the criterion adopted in this study was the 
per cent change in W rather than the absolute 
value of W. 

The skin of animals injected with hydrochloric 


| 


acid showed definite necrotic changes at sites in- 
jected with 5 per cent solutions. External evi- 
dence of inflammation was observed at sites in- 
jected with the three highest concentrations of hy- 
drochloric acid. Areas injected with 0.1 and 0.5 
pet cent concentrations of hydrochloric acid did 
not exhibit any visually apparent signs of inflam- 
mation. The W values of sites injected with hy- 
drochloric acid were, however, appreciably greater 
than the values obtained for the corresponding 
control areas. The concentrations of sodium chlo- 
ride employed did not prod:‘ce significant changes 
in W’. 

The per cent change in W with respect to the 
control site was computed. The mean of the 
change at each concentration was plotted against 
the logarithm of the concentration of irritant 
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AW (%) = 90.1 LOG [cx 107 ]- 103.4 
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Aw(%) = 42.4 Loc [cx 102] ~ 40.3 


64 62 063 16 17 


19 20 2) 22 23 24 25 26 27 


Fic. 3. Loc [Concentration (crams) X 10°] 


(grams) and a straight line relationship of the 
form: 


AW(%) = a+ b (log C) 


was obtained, where 


AW(%) = per cent change in W, 
a = aconstant determined by the point 
of intercept on AW(%) axis, 
b = aconstant determined by the slope 
of the plotted line, 
C = concentration of irritant. 


By the method of least squares (4), the slope of 
the line and intercept was determined. To avoid 
the computation with negative logarithmic values, 
each concentration was multiplied by 107. The 
data were subjected to linear regression analysis 
and the F value was computed. These data are 
shown in Table I] for the three irritants studied. 

At the 95 per cent confidence level, the tabular 
value of F is 10.13 (three degrees of freedom). 
The computed F value for the lines of regression 
of the three irritants studied exceeded this value. 
These results indicate that a linear relationship 
of statistical significance exists between the change 
in water content of tissue and the logarithm of 
the concentration of irritant injected. The stand- 
ard deviation from regression was approximately 


5 per cent. The mean of six values at each con- 
centration and the straight line derived by formulae 
from these data are shown in Figures 1, 2, and 3 
for Sovasol 35, 360E, and hydrochloric acid, 
respectively. 


DISCUSSION 


A linear relationship of statistical significance 
between the logarithm of the concentration of ir- 
ritant and the water content of injected sites has 
been demonstrated experimentally. These results 
correlate with the fundamental changes which 
occur in inflammatory reactions. The increase in 
water content of the experimentally induced in- 
flammation by the chemical irritants may be re- 
garded as an index of inflammation. The primary 
importance of this relationship is that it estab- 
lishes a method for the evaluation of inflammation 
by a totally objective procedure. Further, the 
method should provide for comparisons of inflam- 
mation produced by different irritants over a range 
of concentrations. 

As indicated, the response of tissue to an irri- 
tant depends upon its degree of hydration. Al- 
though the per cent change in W was comparable, 
the sites of inflammation in rabbit 9930 appeared 
markedly more inflamed than the corresponding 
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sites of rabbit 9931 (Table I). Attention is called 
to the fact that hydrochloric acid in low concen- 
trations produces significant physiological changes, 
manifested by the increase in water content over 
that of controls, which are nevertheless unattended 
by visually apparent changes. For this reason the 
reliability of measuring inflammation by gross 
visual examination is questionable. 

The study described was specifically designed 
to investigate the relation between chemically in- 
duced inflammation and the water content of tissue. 
Further investigation is indicated to determine 
whether a variety of compounds obey the formula 
AW (%) =a+tb (log C). It would be of im- 5 
portance to determine also whether the concentra- 
tion value obtained by extrapolation of the straight 
line to the abscissa (zero change in W) represents 
the concentration of irritant on the borderline of 
producing inflammation. If this be the case, an 
objectively determined numerical concentration 
value may be assigned to a chemical irritant and 
recorded in the literature as the minimal inflam- 
matory concentration. 
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SUMMARY 


The relation between water content of dermal 
tissue and inflammation produced by chemical ir- 
ritants was investigated. A linear relationship of 
statistical significance was found to exist between 
the per cent change in water content and the loga- 
rithm of the concentration of irritant injected for 
three irritants studied. The change in water con- 
tent in response to an irritant is regarded as an 
index of inflammation. These findings offer a po- 
tential method of quantitatively determining in- 
flammation by a completely objective procedure. 
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It is possible to detect by external means the 
movement of Iron-59 within the human body. In- 
dividuals with certain hematopoietic disorders are 
thought to have abnormalities in the turnover 
mechanism of labelled iron. Plasma and red cell 
turnover of radio iron have beén the topic of a 
previous report (1). A group of patients with 
various hematologic disorders have been studied 
by an Fe®® in vivo technique, and although each 
disease is represented by too few cases to make 
generalizations, the deviations from normal of iron 
turnover of liver, spleen, and bone marrow are 
so remarkable that a report of the methods and 
findings was thought desirable. 

These studies have been made possible by the 
recent construction of reliable high-efficiency 
scintillation counters. Detailed descriptions of 
the construction and performance of these counting 
devices have been published by Anger (2, 3). 


METHODS AND MATERIALS 


Counting equipment 


(a) In vivo counter. Figure 1 illustrates the counting 
head used for in vivo counting. It employs a thallium- 
activated sodium iodide crystal, a 2.5 cm. cube, which lies 
in contact with the end window of a photomultiplier tube 
(RCA 5819). The side of the crystal toward the patient 
was shielded against beta radiation. 

A hydraulic lift was used to provide vertical mobility 
in a horizontal plane within a limited range. An ad- 
justable height stool for the patient added to the range of 
positioning. The counter output was coupled to the 
scaler unit, which was of the usual design. The unit 
also contained the regulated high voltage supply for the 
photomultiplier tube. 

The integrating circuit in connection with a Leeds and 
Northrup Speedomax recording millivoltmeter com- 
prised a point-plotting linear counting rate recorder with 
several ranges. The numerous body positions counted 
and the length of time of the studies required considerable 


1 This work was supported in part by the Atomic Energy 
Commission. 


L LEAD HOUSING 
THE ScINTILLATION CouNTER HEAD USED IN 
IN VIVO CouNTING 


Fic. 1. 


cooperation by the patient and close surveillance by the 
operator. A mechanized multiple port in vivo counter 
with simultaneous multichannel recording is now being 
constructed so that bed patients can be studied and am- 
bulatory patient investigations facilitated. 

(b) The vial counter. Figure 2 shows the crystal 
counter arrangement for receiving the 4 ml. screw cap 
vials (Kimble glass 60910) containing cell or plasma 


VIAL CONTAINING SAMPLE 
BRASS ABSORBER 


ALUMINUM HOUSING 


RCA 5819 PHOTO TUBE 


Fic. 2. Crystat-PHoto Device ror BLoop SAMPLE 
ANALYSIS 
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samples. This assembly provided a highly efficient ge- 
ometry. The operation of the phototube with less than 1 
count per minute of the background attributable to photo- 
tube “noise” was satisfactory for this work. The tube 
was operated at less than maximum voltage and cooling 
or special circuits were not necessary. The shielding 
consisted of 6 mm. of brass housing, 5 cm. of iron, and 
10 cm. of lead. j 

The overall efficiency of the vial counter is 17.5% for 
Iron-59 gammas. This is approximately the efficiency 
attained with the usual end window G-M tubes for betas 
of Fe” when electrodeposited samples are analyzed. The 
saving in time and effort of this method over the old 
method of analyzing Fe™ is extraordinary. 

The iron isotope was obtained by deuteron bombard- 
ment of cobalt in the 60-inch cyclotron in Berkeley and by 
a neutron bombardment of enriched Fe* from Oak Ridge 
(4). The cyclotron-produced iron is free of Fe® and 
only this was used in normal subjects. The most re- 
cent cyclotron-bombarded samples have had high spe- 
cific activity, 10 microcuries per microgram Fe, because 
of the careful chemistry in preparation of the target and 
the separation chemistry following the exposure.2 The 
samples from the enriched Fe™ have a slightly lower 
specific activity and contain small amounts of Fe™. 

The tracer was kept as a ferric chloride solution. An 
aliquot of this solution was prepared by reduction with 
a small amount of thioglycolic acid and neutralization 
with dilute sodium hydroxide to a pH of approximately 7. 
This mixture was added to an aqueous solution of the 
Globulin IV-7, Cohn and was allowed to stand over- 
night. The iron binding capacity of this protein was 
measured by a method similar to that used by Surgenor, 
Koechlin and Strong (5). Usually only about one-half 
of the available unsaturation was utilized. The mixture 
was then filtered through a Seitz filter and transferred to 
sterile serum vials. 

The amount of Fe® injected varied from 7 to 45 micro- 
curies. Because of radio decay, the total amount of iron 
and protein given each subject varied considerably; how- 
ever, in no instance was an amount given which would 
detectably change the total plasma iron concentration. 
Thus true tracer amounts of iron were always used. 


Injection and blood sampling 


The tracer-globulin solution was injected into the ante- 
cubital vein as rapidly as possible. Blood samples were 
taken at approximately one-fifth, one-half, three-fourths, 
one and one-half, three, five and 12 hours during the first 
day. During the ensuing two weeks, from seven to ten 
samples were taken. The blood was centrifuged at 2,500 
r.p.m. for 30 minutes and the packed cell volume recorded. 
From most of the normal subjects, as well as many of 


2 We wish to thank Mr. Rayburn Dunn of the Radiation 
Laboratory, University of California, for the radio- 
chemistry. 

3 The Globulin IV-7 was provided through the gener- 
osity of Cutter Laboratories, Berkeley, Cal. 
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the patients, all specimens from the first four hours were 
analyzed for total plasma iron by the method of Kitzes, 
Elvehjem and Schuette (6). No changes in the total 
iron were noted which would significantly alter the cal- 
culated turnover (1). From all blood samples 2 ml. of 
plasma were pipetted to the 4 ml. medicine vials for radio 
analysis in the apparatus shown in Figure 2. The ceils 
from early samples were washed in saline two or three 
times. After the last washing, an amount of saline equal 
to the packed cell volume was added to the centrifuge 
cone. Four ml. of the cell suspension were pipetted to 
the medicine vials which were then centrifuged, and the 
2 ml. of cells analyzed in the same manner as the plasma 
samples. 

Plasma radioactivity data were plotted on semilogarith- 
mic paper, and the extrapolated concentration at zero 
time was used to determine the plasma volume. Total 
blood volume and red cell volume were computed using 
this plasma volume and the average hematocrit from the 
first day’s samples. The fraction of Fe™ in red cells, 
plasma, and blood, calculated from the volumes and con- 
centrations of Fe”, were plotted as a function of time as 
illustrated in Figure 3. 


Body surface counting rates 


Four principal positions were used in counting tissue 
volumes thought to be representative of blood, spleen, 
marrow, and liver. With the subject sitting, the count- 
ing aperture was placed against the skin. The pre- 
cordium was used as the site most likely to reflect changes 
in a representative volume of blood. A left oblique place- 
ment over the costal cartilages with the counter pointed 
in the direction of the mid-mediastinum was chosen in 
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Cose 2 


-ythemia vera 
with myelofibrosis 


COUNTS PER MINUTE PER MICROCURIE Fe®® INJECTED 


Case 3 
Myeloid metaplasia 
with myelofibrosis 


4 


HOURS AFTER INTRAVENOUS INJECTION OF Fe®? 


Fic. 4. Gross Bopy Surrace CounTING RaTEs As A FUNCTION OF TIME 
AFTER A SINGLE INTRAVENOUS INJECTION OF FE® 


order to minimize the contribution of radiation from 
marrow either in ribs, vertebrae, or sternum. 

The right posterior axillary line between the ninth and 
tenth ribs with minor variations as percussion indicated, 
was the position used as representative of iiver. In this 
instance, the counter was pointed anteriorly and medially 
so that the counting axis passed through the anterior mid- 
line at the skin surface. An analogous position for a 
spleen tissue volume was chosen on the left side except 
when the spleen was palpable. Palpable spleens were 
counted through the anterior or lateral abdominal wall. 

For a site overlying a representative volume of mar- 


row, the counter was placed over the sacrum and pointed 
directly anterior, with the patient standing. The ex- 
tensive and careful investigations of Mechanik (7) as 
well as the contributions of others concerning the distribu- 
tion of red bone marrow in the body indicate that the 
vertebrae and the pelvis contain the major portion in the 
adult. The sacrum was estimated by Mechanik to con- 
tain approximately 100 gms. of hematopoietic marrow, and 
this, of course, is found in a small volume relatively near 
the body surface. It was for this reason, as well as the 
fact that the marrow volume within the cone of acceptance 
of the counter crystal would be relatively free of spleen 
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and liver influence, that the sacral position was chosen to 
determine marrow counting rates as a function of time. 

The level used for the sacrum was located by palpation 
of the posterior spines of the ilium. Counting rates var- 
ied considerably with the areas and with time. Usually 
the range was from 500 to 5,000 counts per minute. Each 
position was counted long enough so that at least 1,500 
counts were recorded—usually more counts than this were 
recorded. 

A typical study was as follows: The various positions 
to be counted were marked out on the patient’s body, and 
body background counting rates were determined. The 
injection was made with the patient sitting in the pre- 
cordial position and an initial count made over the pre- 
cordium; then the other positions were counted subse- 
quently as rapidly as possible. If the changes were very 
slow, for example, a plasma Fe™ half-time of five hours, 
readings were made at approximately hourly intervals; 
however, if the half-time was short, for example, 10 
minutes, positions were counted as rapidly as was pos- 
sible. As indicated above, these changes with time of 
the body surface counting rates were tecorded on a Leeds 
and Northrup Speedomax recorder. For more careful 
analysis these records were usually plotted again on 
semilogarithmic paper as a rate per microcurie injected. 
The curves of the marrow, liver, and spleen site counting 
rates were extrapolated to zero time, and this extrapolated 
point was taken as the “blood background body surface 
counting rate” and used in correcting the “gross body 
surface counting rate” to a count wHich represented the 
“tissue body surface counting rate.” It was assumed that 
the entire counting rate at extrapolated zero time repre- 
sented radioactivity in the blood of the underlying tissue 
and that the contribution of blood in the tissue to the 
counting rate was proportional to the amount of the 
radioiron in the blood at the time (Figure 3). 

Thus: 


Gi= [Gus =T, 


where Gr: is the gross body surface counting rate at any 
time; Gro is the gross body surface counting rate at 
extrapolated time zero; B; is the fraction of Fe® dose in 
blood at any time; and T is the tissue body surface count- 
ing rate. 


Torso survey at the time of minimal blood tracer con- 


centration 


When the changes in the body surface counting rates 
over the three tissue sites were minimal and the blood 
tracer concentration had declined to a minimum (Figure 
3), skin surface counting rates were obtained from many 
points on the torso and, in some instances, from the limbs. 
In order that there would be uniformity in the selection 
of points for counting, the following procedure was used: 

With a wax pencil the following six body levels were 
marked on the subject: 

1. The suprasternal notch 

2. 2 em. below the manubriosternal juncture 

3. Fourth costosternal junction 
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. 2 cm. below the xiphisternum 
. 2. cm. above the umbilicus (unless the abdomen was 
pendulous ; then midway between levels 4 and 6) 


6. 2.5 cm. below the anterior superior spine of the ilium. 


Eight counting points were used at each of these levels. 
In each instance the counter receiver was pointed at a 
curved axis just anterior to the vertebral column. The 
anterior position was in each instance considered 0° and 
the posterior 180°, the left and right midaxillary lines be- 
ing 90° and 270°, respectively. 
were plotted as counts per minute per microcurie injected. 
The data from the multiple torso examination were plotted 
on polar coordinates as illustrated in Figure 5. From two 
to three hours were required for taking the counting rates 
at these 48 points. During this time there was usually 
very little change in the combined cell and plasma levels, 
which often represented less than 0.05 of the administered 
dose (Figure 3). 


All in vivo counting rates 


Problems associated with in vivo counting 


Among the major problems which have existed in the 
past is the necessity for large doses of tracer because of the 
low efficiency of G-M tubes for gamma rays. Usually 
these doses have exceeded the maximum allowable tissue 
dose of radiation, at least instantaneously. Now, however, 
with the use of equipment such as described here, with 
an efficiency 55 times greater than similar G-M_ tube 
equipment, it is possible to restrict the tissue radiation to 
less than the maximum allowable dose rate. Moreover, 
the rise in background counting rate is not nearly pro- 
portional to the rise in efficiency: in fact, there is an in- 


efficiency 
crease in the ratio ; — of 11 com- 


background counting rate 
pared to similar G-M equipment.4 

Ideally the data accrued from an in vivo Fe” study 
should be applicable to the determination of rates of move- 
ment of iron from one body compartment or tissue to an- 
other. Tobias (8) has pointed out a method whereby rate 
constants can be calculated from a given set of such data; 
however, it requires that all of the tracer be accounted for 
at several times. Any other method depends on estimation 
and approximation. The difficulty of accounting for all 
of the tracer at several times by in vivo methods is ap- 
parent when some of the variables are considered. In a 
particular subject, with the counter at a carefully selected 
site, so as to discriminate against compartments having 
a different metabolism, many of the variables become 
constants. For example, with good reproduction of posi- 
tioning in the same patient, radiation absorption of the 
intervening tissue becomes constant. Another major 
variable is the fraction of the tissue or compartment be- 
ing studied which the counted volume represents. This 


4 The efficiency mentioned above for the in vivo counter 


is 2.9 times that of the crystal used at the beginning of the 


For convenience in comparisons between 
patients, all graphs included in this paper are plotted in 
counts/minute/microcurie at the old efficiency. 
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also can be controlled in a single subject study so that it 
is a constant. Even though the turnover of tracer iron 
results in rather discrete separation into compartments, 
the problem of distinguishing these individual compart- 
ments may be great. For example, it is impossible to 
shield completely a gamma-sensitive device so that the 
counting rate of the conical tissue volume is not influenced 
by radiation from other areas. This variable may be 
eliminated by a “counter” background value taken at 
each time with the “counter” aperture shielded in the 
same manner as the “crystal.” 

Despite these hindrances to approaching the ideal situ- 
ation in the analysis of iron im vivo tracer data, the uni- 
formity of the data from normal subjects and their com- 
parison to the abnormal affords a description of diagnostic 
patterns which can be useful in the classification and un- 
derstanding of erythropoietic function and iron kinetics in 
normal and pathologic states. 


Cases studied 


Normal subjects: five normal male adults, ages 26 to 
32; one normal female, age 31; and one normal male, age 
72; were studied. 

Abnormal cases: These were of varying age and sex and 
had refractory anemia, hypoplastic marrow (Case 1); 
polycythemia vera with myelofibrosis (Case 2) ; myeloid 
metaplasia with myelofibrosis (Case 3) ; chronic myeloge- 
nous leukemia and polycythemia vera (Case 4); chronic 
myelogenous leukemia (Case 5); multiple myeloma with 
hemolytic anemia (Case 6); refractory anemia with a 
hyperplastic marrow (Case 7); secondary polycythemia, 
polycythemia vera, and chronic lymphatic leukemia. 

Synopses of case reports of patients whose Fe™ data are 
described in most detail are presented. 


Case 1, J. M., refractory anemia, hypoplastic marrow 


A 57-year-old married white man, J. M., was referred 
with the diagnosis of aplastic anemia. History was ob- 
tained of an anemia refractory to all the usual methods of 
therapy and requiring four to five 500 ml. transfusions per 
month since detection in Apri!, 1947. 

Physical examination: Physical examinations failed to 
disclose any notable findings except moderate bronzing of 
the skin. 


Laboratory examinations: 


RBC 

Hematocrit 

Hemoglobin 

Platelets 

Reticulocytes 

WBC 

Segmented neutrophilic 
granulocytes 

Lymphocytes 

Monocytes 

Eosinophilic granu- 
locytes 

Fecal urobilinogen 
excretion 


2.96-4.02 million per cu. mm. 
27-35 

8.6-10.9 gms. per 100 ml. 
140,000-218,000 per cu. mm. 
0.1-0.9% 

8,000-13,600 per cu. mm. 


51-81% 
20-49% 
2-13% 
1-3% 


75 mg. per aay. 
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Sternal marrow aspiration on February 20, 1950, showed 
only 5.8% of the nucleated cells to be of the erythroid 
series. 

Fe® studies were started June 15, 1950. 

Course: The course of the disease has been constant. 
Repeated transfusions have been necessary. Recovery 
following appendectomy was prolonged and febrile. 


Case 2, E. P., polycythemia vera with myelofibrosis 


A 41-year-old married woman, E. P., was referred with 
the diagnosis of polycythemia vera. She had had no ra- 
diation therapy. 

Physical examination: Physical examination disclosed 
facial plethora, conjunctival injection, and a spleen so 
large it almost entered the pelvis. 


Laboratory examinations: 


RBC 
Hematocrit 
Hemoglobin 
Platelets 
Reticulocytes 
WBC 
Segmented neutrophilic 
granulocytes 
Band neutrophilic 
granulocytes 
Metamyelocytes 
Myelocytes 
Progranulocytes 
Myeloblasts 
Eosinophilic granu- 
locytes 
Basophilic granulo- 
cytes 
Lymphocytes 
Monocytes 
Nucleated red cells 
Uric acid 
Total protein 
Albumin 
Globulin 
Fecal urobilinogen 
excretion 158 mg. per 24 hours. 
Blood volume, with P® labeled cells, was 5851 ml. (97.5 
ml./kg.) 
Total red cell volume 
Plasma volume 


6.72-8.66 million per cu. mm. 
61-68 

14.2-17.7 gms. per 100 ml. 
110,000-300,000 per cu. mm. 
14% 

20,000-38,000 per cu. mm. 
48-63% 


8-19% 


0-6% 
4+-15% 
0-2% 
0-2% 
3-8% 


1-13% 


4-15% 

0-2% 

0-5 per 100 WBC 
5.0 mg. % 

8.0 gms. per 100 ml. 
4.4 gms. per 100 ml. 
3.6 gms. per 100 ml. 


3276 ml. (54.6 ml./kg.) 
2457 ml. (40.9 ml./kg.) 


Aspiration specimens of the bone marrow were un- 
satisfactory. 

A report on the sternal marrow biopsy was as follows: 
“The marrow shows a marked, diffuse fibrosis. Nu- 
merous megakaryocytes are seen. There is a fair 
number of lymphocytes, eosinophils, fairly well-matured 
cells of the myeloid series. Diagnosis: Myelofibrosis.” 
No treatment was given and the course is not changed. 
Fe® studies were started June 28, 1950. 
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Case 3, H. E., myelofibrosis with myeloid metaplasia 


A 47-year-old married woman, H. E., was referred 
with the diagnosis of myelocytic leukemia. She had 
been given deep roentgen therapy to an enlarged spleen 
(87 r) on July 28, 1950. On August 4 this dose had 
been repeated, and on August 11, 1950, 44.4 r were given. 
The spleen size was reported to be smaller than on Au- 
gust 14, just before coming to this clinic. At no time 
was any radiation directed to the marrow. 


Physical examination: The spleen was enlarged and the 
lower border was at the umbilicus. 


Laboratory examinations: 


On August 23, 1950, the blood count was: 


RBC 4.68 million per cu. mm. 
Hemoglobin 10 gms. per i100 ml. 
Platelets 130,000 per cu. mm. 
WBC 13,800 per cu. mm. 
Reticulocytes 3.5% 
Segmented neutrophilic 

granulocytes 
Band neutrophilic 

granulocytes 
Myelocytes 
Progranulocytes 
Myeloblasts 
Lymphocytes 


Sternal marrow aspirations on two occasions contained 
only peripheral blood. On September 2; 1950; a biopsy of 
sternal marrow was taken, and the report on the micro- 
scopic examination of the sections (decalcified) was: 
“The sections of the bone show almost complete replace- 
ment of the medullary tissue by fibrous tissue, which 
is rather vascular. A few isolated cells, which appear 
to have come from the myeloid series, are seen. There 
is no question about the diagnosis of this marrow. 
Diagnosis: Myelofibrosis.” 

Course: From August, 1950, to October, 1950, the blood 
counts showed a decline to normal values of total white 
cells. The hemoglobin remained at 10 gms. In Sep- 
tember the hemoglobin was 8 gms. on several determina- 
tions, but the total WBC declined from a range of 5,900- 
6,400 to 3,900-4,200. Iron studies were started August 
31, 1950. 


Case 4, P. N., chronic myelogenous leukemia and 
polycythemia vera 


A 60-year-old married male, P. N., was referred in 
September, 1946. About two weeks before his first visit, 
he developed a severe ecchymosis and swelling at the 
left elbow subsequent to a very minor blow to the arm. 
He had had no radiation therapy. 

Physical examination: The left elbow and forearm 
were swollen, slightly edematous, and ecchymotic. The 
spleen was firm and not tender, extending 8-10 cm. be- 
low the left costal margin on inspiration. It was estimated 
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to be several times the normal size. The liver was not 
enlarged. 


Laboratory examinations: 


The initial red blood counts were 7.74 to 8.48 million 
per cu. mm. 

The range in values in blood examinations during the 
course were as follows: 


RBC 3.00-8.42 million per cu. mm. 
Hemoglobin 8.3-17.7 gms. per 100 ml. 
Reticulocytes 0.21-10.2% 
Platelets 290,000-340,000 per cu. mm. 
Hematocrit 28-63 
WBC 9,200-42,000 per cu. mm. 
Segmented neutrophilic 
granulocytes 
Band neutrophilic 
granulocytes 
Eosinophils 
Basophils 
Neutrophilic myelocytes 
Eosinophilic myelocytes 
Myeloblasts 
Lymphocytes 
Monocytes 
Nucleated red cells 


Clinical course: With some venesections, P” and Y”, he 
was maintained in good health with a less leukemoid hemo- 
gram throughout 1947 and until about mid-1948, when 
more myelocytes appeared. Later, promyelocytes and 
myeloblasts appeared, and the RBC had declined gradu- 
ally so that in late 1948 and early 1949 it varied between 3 
and 4 million per cu. mm., with 8 gms. of hemoglobin per 
100 ml. The white counts were not lower and varied 
from 7,000 to 20,000 per cu. mm. The marrow exhibited 
a shift to more immature myeloid forms. 

During 1949 the liver enlarged and the spleen increased 
in size, and he was given a transfusion. His blood pic- 
ture now suggested the late anemic phase sometimes seen 
in polycythemia vera. The marrow aspiration was un- 
satisfactory because of dilution with peripheral blood. 

He became gradually worse, and his strength and en- 
durance diminished. By May of 1950 he noted some 
spontaneous ecchymoses similar to those at the onset of 
his illness two years previously. The spleen and liver in- 
creased in size. He had intermittent anorexia and worked 
less steadily at his job. After each blood transfusion he 
felt temporarily improved. 

Unfortunately the blood volume had not been deter- 
mined in the polycythemic phase. When it was done, the 
initial picture had changed to that of an anemia. On 
September 30, 1949, the blood volume, using P* labeled 
cells, was 4,453 ml. or 64.1 ml./kg. body weight. The 
total red cell volume was 1,425 ml., or 20.5 ml./kg. body 
weight. On February 10, 1950, the blood volume was 
5,914 ml., or 83.9 ml./kg., and the total red cell mass was 
1,656 ml., or 23.5 ml./kg. Fe™ studies were started May 
31, 1950. 
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Case 5, E. S., chronic myelogenous leukemia 


A 44-year-old married woman, E. S., was referred with 
the diagnosis of chronic myelogenous leukemia in Sep- 
tember, 1950. An enlarged spleen, an elevated white cell 
count, and a sternal marrow examination led to the diag- 
nosis of chronic myelogenous leukemia. 

Physical examination: The arms showed residual dis- 
colorations from old ecchymoses. The spleen was firm, 
non-tender, and palpable about 2-3 cm. below the costal 
margin in the left anterior axillary line. No lymph node 
enlargement was found. 


Laboratory examinations: 
The ranges in values in blood examinations were as 
follows: 


RBC 

WBC 
Hemoglobin 
Platelets 


3.3-3.6 million per cu. mm. 
106,000 to 141,000 per cu. mm. 
7.4-8.5 gms. per 100 ml. 
215,000-420,000 per cu. mm. 


The blood volume studies by the P® tagged cell method 


were recorded as follows: 


Blood volume 
Total red cell volume 
Plasma volume 


4,387 ml. or 72.5 ml./kg. 
1,163 ml. or 19.2 ml./kg. 
2,895 ml. or 47.9 ml./kg. 


Course: She returned to her physician with arrange- 
ments for small doses of radioactive phosphorus. Fe” 
studies were started September 12, 1950, prior to any ra- 
diation therapy. 


Case 6, C. H., multiple myeloma 


A 65-year-old married male, C. H., was referred Janu- 
ary 9, 1950. About five months before, a hard swelling 


arose just above the left ankle. A biopsy was done, and 
the microscopic examination as well as roentgenograms 
of bones disclosed multiple myeloma. He had lost 15 to 
20 pounds in weight during the past year. At the time 
he was first examined here, he complained of an unremit- 
ting pain in the right elbow. 


Physical examination: The skin had a slight icteric : 


tint. He was thin and the muscles were flabby. The 
spleen was palpated 1-2 cm. beneath the costal margin, 
and a larger than usual area of splenic dullness found. 
Bone tenderness was found over the distal end of the 
right humerus and the left ulna. 


Laboratory examinations: 
Prior to any therapy the range in RBC per cu. mm. 
was 2.97 to 4.00 million. 


Hemoglobin 
WBC 
Reticulocytes 
Hematocrit 


8.4-10.9 gms. per 100 ml. 
5,400-10,400 

0.6-9.7% 

19-28 


The differential white count was within the normal 
range. On January 9, 1950, the aspirated sternal marrow 
was found to have 43% nucleated red cells and 5.2% 
plasma cells. On September 6, 1950, the sternal marrow 
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contained 61% nucleated red cells and 0.8% plasma cells. 
Fe™ studies were started November 16, 1950. 

Only once was the test for Bence-Jones protein in the 
urine positive. A month later and on many subsequent 
tests none has been detected. 

Total protein was 4.92, albumin 2.92, globulin 2.00 gms. 
per 100 ml. of plasma on January 11, 1950. 


25 on July 24, 1950, and August 8, 
1950 
0.4 mg. per 100 ml. blood 


Icteric index 


Serum bilirubin 
Fecal urobilinogen 


excretion 860 mg. per 24 hours 


Course: Treatment with urethane and P® apparently did 
not alter the course. He has not required transfusions. 


Case 7, C. H., refractory anemia 


This 72-year-old male was first discovered to have an 
anemia in October, 1949. 

Physical examination: The liver edge was 4-6 cm. in- 
ferior to the costal margin at the end of deep inspiration. 
The spleen was enlarged on deep inspiration, extending 4 
cm. inferior to costal margin in the mid-axillary line. 


Laboratory examinations: 
The blood data showed the following ranges: 


RBC 1.80-3.94 million per cu. 
mm. 

19-36 

7.5-12.1 gms. per 100 ml. 

260,000-500,000 per cu. mm. 

0.1-18% 

0-1 per 100 WBC 

6,600-13,000 per cu 


Hematocrit 

Hemoglobin 

Platelets 

Reticulocytes 

Nucleated red cells 

WBC 

Segmented neutrophilic 
granulocytes 

Band neutrophilic 
granulocytes 

Metamyelocytes 0-1% 

Progranulocytes 0% 

Myeloblasts 0% 

Eosinophilic granulocytes 0-15% 

Basophilic granulocytes 0-6% 

Fecal urobilinogen 
excretion 

Coombs test 


18-66% 
1-30% 


154-299 mg. per day 
negative 


On February 9, 1950, the pathologist’s report of a 
marrow biopsy was as follows: “The bone marrow shows 
a rather moderate increase of large and nucleated 
red cells. This slide shows essentially the same pattern 
that we saw in the previous bone marrow biopsy. Diag- 
nosis: Hyperplasia of bone marrow.” 

Course: The course has not been altered except for a 
lower requirement of blood by transfusion following 
splenectomy. He has received all of the various vitamins 
and liver concentrates as well as crude liver parenteral 
injections and raw liver by mouth. Fe™ studies started 
June 21, 1950, several months before the splenectomy. 
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RESULTS AND DISCUSSION 


The plan of this part of the paper is to present 
the data with the discussion in the chronological 
manner in which the data were collected. This 
form allows the introductory presentation of the 
results of the most simple technique and progres- 
sion to the more complex. The results and discus- 
sion are organized in three general sections. Sec- 
tion I includes the raw data of gross body surface 
counting rates as a function of time after a single 
intravenous injection of Fe*® during the first day of 
each study. It illustrates what may be learned by 
this technique during a relatively short study with 
little equipment and effort. Section II concerns a 
more extensive and laborious examination of the 
patient, the purpose of which is to learn the general 
location in the body of the tracer once it has left the 
blood stream. Section III gives data from studies 
which cover a two-week period. The data of the 
latter section are treated in a special manner by 
which the gross body surface counting rates are 
corrected for the contribution of radioactivity from 
plasma or red cells, and thus these data represent 
more nearly the tissue body surface counting rates. 


I. The gross body surface counting rates over 
sacrum, liver, spleen and precordium dur- 
ing the first day after injection of 


These data are illustrated in Figure 4, refrac- 
tory anemia with hypoplastic marrow (Case 1) ; 
polycythemia vera with myelofibrosis (Case 2) ; 
myeloid metaplasia with myelofibrosis (Case 3) ; 
chronic myelogenous leukemia (Case 5) ; and nor- 
mal male adult. 

Deviations from the normal gross body surface 
counting rates may be evident in some cases dur- 
ing the first 15 minutes after the injection of the 
tracer iron. As the four positions are “counted,” 
excessively rapid disappearance of the tracer from 
the blood or an unusually rapid rise in counting 
rate over marrow, spleen, or liver may be seen di- 
rectly on the moving recorder paper. A rapid and 
excessive rise in counting rate over liver or spleen 
is accompanied by a partial or complete failure of 
the marrow counting rate to rise (Figure 4). An 
estimate of the ability of the bone marrow and other 
tissues to accumulate radioiron is possible in the 
first few hours of a study. In the normal subject 


the sacral position was the only position showing 
a rising counting rate during the first eight hours. 
The counting rate over liver was practically con- 
stant with time, while that over the precordium 
and spleen fell to a near plateau level relatively 
soon. Since intravascular mixing time is short 
compared to the usuai blood removal time of radio- 
iron, it is reasonable to assume that gross body 
surface counting rates over a tissue during the 
first few minutes represent the radioactivity which 
is contained in the perfusing plasma. Similarly, 
in ten to 14 days, 80-100% of the radioactivity is 
again contained in blood but at this time in the 
red cells. Thus, in these very early periods and 
in the late periods, nearly all of the injected dose 
is in the blood, first in the plasma and later in the 
red cells. The contribution of blood radioactivity 
to the gross body surface counting rates is nearly 
the same at these two times except possibly in 
such tissues as may have different hematocrits. 
Thus a gross body surface counting rate con- 
stant with time during a period when the radioac- 
tivity in blood is known to be decreasing indicates 
that the tissue is accumulating radioactivity. This 
is the situation which is usually found over the 
liver, in contrast to the spleen where the counting 
rate falls as a function of time. 

In contrast to the sacral counting rates of nor- 
mal individuals, which rise with time, nearly con- 
stant sacral counting rates are seen in the cases 
represented in Figure 4. Case 3 (Figure 4), 
myelofibrosis with myeloid metaplasia, shows a 
decrease in sacral counting rate with time. This 
is the type of curve which might be expected in 
the absence of marrow erythropoiesis. Reference 
to the case descriptions shows the coincidence of 
a low counting rate over sacrum with the marrow 
biopsy findings of hypoplasia or aplasia of the 
erythroid series, or of fibrosis. 

The extraordinarily high rise of counting rates 
occurring over spleen, as demonstrated in Figure 
4 (Case 2, polycythemia vera with myelofibrosis ; 
and Case 3, myelofibrosis with myeloid meta- 
plasia), was not necessarily expected although 
there was splenomegaly in both cases. This simi- 
larity in the two cases is in contrast to the finding 
of polycythemia in the one and anemia in the other. 
The spleen counting rate of Case 5 (myelogenous 
leukemia), Figure 4, is intermediate and represents 
some ability of the spleen to accumulate iron. That 
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splenomegaly is not always associated with splenic 
removal of radioiron from plasma was demon- 
strated in a case having chronic lymphatic leuke- 
mia whose spleen filled half the abdominal cavity. 
This patient showed a spleen curve which was 
very similar to the normal, with no evidence of 
direct clearance of radioiron from plasma. 

Experimentally a spleen Fe curve resembling 
that of the typical Fe®® marrow curve has been 
demonstrated in rats receiving total body X-radia- 
tion with their spleens protected. Direct splenic 
removal of radioiron from plasma was shown to be 
associated with the subsequent appearance of 
tagged red cells (9). 

Figure 4 (Case 1, refractory anemia with hypo- 
plastic marrow) demonstrates the situation wherein 
the usual marrow ability to deplete the plasma of 
tracer is replaced by a very slow removal by liver. 


II, The torso survey for Fe*® at a time when the 
blood level of radioiron is minimal (Illus- 
trated by Figure 5) 


The desirability of knowing more accurately 
the tissue distribution of tracer when it was nearly 
absent from blood led to the system of body pro- 
file counting rate and its associated polar plot, 
described earlier in this paper in METHODS un- 
der “Torso Survey at the Time of Minimal Blood 
Tracer Concentration.” The blood tracer concen- 
tration in each case was ascertained to be minimal 
by reference to data, as shown in Figure 3. The 
averaged data of five normal male adults are 
graphed in Figure 5. The shape of the uppermost 
levels with the posterior projection indicates the 
association of vertebrae with the iron isotope. The 
subsequent finding of the tracer incorporated in 
the red cells is an indication of a normally func- 
tioning marrow. 

In the third and fourth levels of the plots of the 
normal cases the shape is similar. There is a 
slight asymmetry with a right preponderance, which 
probably indicates the normal liver iron turnover. 
That the third and fourth levels are not more asym- 
+ .etrical shows that the major stream of iron from 
plasma is normally to bone marrow. Finally, the 
larger area of the lowermost level shows that this 
region in the 23-33 year age group probably con- 
tains a considerable portion of the red marrow of 
the body. That this distribution may not hold 


for all age groups is indicated by the finding of 
a contracted sixth level in a 72-year-old normal 
male. 

In the early studies it was thought worthwhile to 
explore the head and the extremities as well as 
the torso; however, the counting rates of the skull 
and the extremities were usually very low. It 
was noted that excessive erythroid marrow hyper- 
plasia was associated with a more diffuse skeletal 
distribution of radioiron, resulting in contracted 
polar plots of the torso (Figure 5, Case 6, multiple 
myeloma with hemolytic anemia). 

The grotesque figures (Figure 5) from Case 1, 
refractory anemia with hypoplastic marrow; Case 
2, polycythemia vera with myelofibrosis; Case 3, 
myeloid metaplasia with myelofibrosis; Case 4, 
chronic myelogenous leukemia following polycy- 
themia vera; and Case 5, chronic myelogenous leu- 
kemia, exemplify the aberrant iron kinetics which 
are associated with certain abnormalities in he- 
matopoiesis. 

Case 1, Figure 5 (refractory anemia with hypo- 
plastic marrow, the same patient as shown in Fig- 
ure 4) demonstrates the relative failure of tracer 
to accumulate in marrow areas and negligibly in 
spleen. The fraction of tracer appearing in red 
cells in this case never exceeded 0.12 of the injected 
dose, and the liver counting rate increased slowly 
with time and never decreased. 

Case 2, Figure 5 (polycythemia vera with mye- 
lofibrosis, the same as in Figure 4) shows the ma- 
jor accumulation of tracer in the splenic region 
with very little in the normal marrow areas. That 
this abnormal location of iron was associated with 
red cell production in the spleen was indicated by 
the high fraction of the tracer dose which appeared 
in red cells and is confirmed by the polycythemia 
and the morphologic finding of myelofibrosis. 

Case 3, Figure 5 (myeloid metaplasia with mye- 
lofibrosis) shows a large portion of the tracer in 
spleen and also a significant amount in liver. A 
bone marrow biopsy from this patient was reported 
as showing almost complete replacement of the 
normal medullary tissue by fibrous tissue. The 
maximum fraction of the tracer which was present 
in the erythrocytes at any one time during the first 
two weeks of study was 0.6. The concomitant 
drop in counting rates over spleen and liver with 
a rise in erythrocyte concentration of tracer indi- 
cated the possibility that the liver as well as the 
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spleen was involved in erythropoiesis. The asym- 
metry of the polar plot with a left preponderance, 
indicated that the spleen was the more important 
for this purpose. This pattern differs from mye- 
locytic leukemia (Case 5, Figure 5) in which evi- 
dence of hepatic and splenic metaplasia as well 
as some marrow function exists. 

Case 4, Figure 5 (chronic myelogenous leuke- 
mia and polycythemia vera) shows a lack of the 
expected gross body surface counting rates in the 
normal marrow locations. Instead, the tracer 
rapidly accumulated almost equally between the 
liver and the spleen. The subsequent appearance 
of approximately 0.4 of the tracer dose in red cells, 
with a concomitant fall in counting rate over the 
spleen and a constant counting rate over liver, 
showed erythroid metaplasia of the spleen and 
suggested storage function of the liver. Re- 
peated marrow aspirations during the course of 
the illness indicated a diminishing marrow cellu- 
larity. 

The previous discussion of results is illustrative 
of the usefulness of the application of in vivo Fe*® 
methods in following the immediate movement of 
the tracer from plasma to the various tissue sites. 


III. The tissue body surface counting rates over 
sacrum, liver, and spleen during the first two 
weeks after the injection of Fe*® (Illus- 
trated by Figures 6-8) 


A more comprehensive insight is gained of the 
functional significance of the particular tissue 
distribution if plasma and red cell sampling as well 
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Case 7 
HYPERPLASTIC MARROW 


POLYCYTHEMIA VERA 
WITH MYELOFIBROSIS 


COUNTS / MINUTE / MICROCURIE Fe°? INJECTED 
8 


° 
5 10 
DAYS AFTER INJECTION 


; 
Fic. 7. Tissue Bopy SurFACcE CouNTING RATES OVER 


SPLEEN AS A FUNCTION OF TIME AFTER A SINGLE INTRA- 
VENOUS INJECTION OF FE” 


as body surface counting rates are continued for 
a longer period of time. The data presented in 
Figures 6-8 are the gross body surface counting 
rates per microcurie injected minus the count- 
ing rate contributed by blood. The curve illus- 
trated in Figure 3 was used for this correction 
(see METHODS). 

Figure 6 shows such data from the representa- 
tive marrow site. Included are three cases: a nor- 
mal male adult, a patient with refractory anemia, 
hyperplastic marrow (Case 7), and a patient with 
refractory anemia, hypoplastic marrow (Case 1). 
The curve of the representative marrow site from 
the normal subject, in its time concentration re- 
lationship, resembles very closely similar data 
which have been obtained by serial animal tissue 
sampling (9, 10). Comparison of the data of the 


Cose 7 
REFRACTORY ANEMIA 
HYPERPLASTIC MARROW 


COUNTS / MINUTE / MICROCURIE INJECTED 


° 


5 10 15 
DAYS AFTER INJECTION 

Fic. 6. Tissue Bopy Surrace CountinGc RATES OVER 
SACRUM AS A FUNCTION OF TIME AFTER A SINGLE INTRA- 
VENOUS INJECTION OF FE™ 


[Case/ 
| REFRACTORY ANEMIA 
LHYPOPLASTIC MARROW 
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HYPERPLASTIC_MARROW 
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normal subject of Figure 6 with Figure 3 shows 
the concomitant rise in red cell concentration of 
tracer and the fall in marrow counting rate. It 
is not surprising that the counting rate over the 
marrow site of Case 7 (refractory anemia, hyper- 
plastic marrow), Figure 6, rose to a fairly high 
level, almost normal. That it did not rise as high 
as the normal is possibly associated with the 
greater dispersion of functioning marrow. Cor- 
roborative evidence was the finding of slightly con- 
tracted polar plots, as with Case 6, Figure 5. 
Also, it was expected that the marrow of the hy- 
poplastic anemia patient (Case 1) would accumu- 
late very little Fe°*. The surprising point was the 
failure of the subnormal counting rates of Cases 1 
and 7, Figure 6, to fall. This phenomenon need 


not be considered a static one; 7.e., it is not neces- | 
sarily indicative of iron accumulation in the mar- 


row without discharge. Instead, it may indeed 
indicate a very rapid turnover through marrow 
with a high equilibrium level. Indirect evidence 
that the latter is probably true is gained from other 
considerations of these and other cases. For ex- 
ample, such findings are usually associated with a 
“secondary” rise in spleen counting rates, as il- 
lustrated by Case 7 in Figure 7 (refractory ane- 
mia with hyperplastic marrow). This rise is 
secondary in that it does not occur as the iron is 
initially cleared from the plasma but only subse- 
quent to its appearance in marrow. Case 6, hav- 
ing multiple myeloma and a severe anemia, had 
data of this nature'and had additional evidence of 
extraordinary erythropoietic hyperfunction in that 
the marrow showed 65% of the cells to be of the 
erythroid series and the stool urobilinogen excre- 
tion to be greater than 800 mg. per day. On the 
other hand, there have been observations showing 
that patients such as Case 7 may have hemosiderin 
granules in their marrow. Thus, a possible reason 
for the marrow counting rate not being near zero 
two weeks after injection in Case 1 may be re- 
lated to non-erythrogenic medullary iron function 
(11). 

From Figure 7 a comparison may be made of 
tissue body surface counting rates over the spleen 
in a normal subject and in two patients. The 
spleen curve of Case 2 (polycythemia vera with 
myelofibrosis) is remarkably similar in time con- 
centration relationship to the normal marrow 
curve (Figure 6). The drop in counting rate 
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over the spleen in Case 2 was associated with a 
rise in the erythrocyte tracer concentration to 
near normal levels. This type of spleen curve has 
been called erythrogenic in that it rises as the 
concentration of the injected radioiron in plasma 
falls, and falls as the erythrocyte concentration of 
tracer rises. Another type of curve associated 
with spleen, distinctly different from the primary 
type, is illustrated by the data of Case 7 (refrac- 
tory anemia with hyperplastic marrow), Figure 7. 
In this instance a great rise in counting rate over 
spleen occurs following or simultaneously with a 
fall in counting rate over sacrum and concomitantly 
with a subnormal rise in erythrocyte concentration 
of radioiron. This type of splenic radioiron curve 
has been called erythroclastic. Despite the fact 
that these tissue body surface counting rates over 
spleen are corrected for the contribution of count- 
ing rate by radioisotope in the circulating blood 
(see METHODS), they are higher at three to 10 
days than they are when all of the isotope is in the 
plasma; i.e., just after injection. 

Convincing evidence that the erythrogenic spleen 
curve, as seen in Case 2 (polycythemia vera with 
myelofibrosis), is the result of splenic erythroid 
metaplasia are the facts that this patient (see Case 
2 report) had myelofibrosis and polycythemia 
(red cell mass, 54.6 ml./kg.), and that nearly all 
of the tracer was in red cells within 10 days after 
the dose was given. The polar plots (Figure 5, 
Case 2) suggest the presence of myelofibrosis 
throughout the areas usually containing normal 
marrow. 

Corroborative data showing that the erythro- 
clastic spleen curve is associated with excessive 
cell destruction are given in the case reports of 
Cases 6 and 7, which had this type of spleen curve. 
The pertinent findings are anemia, marrow hyper- 
plasia, reticulocytosis, high iron turnover rates, 
near normal uptakes of radioiron in marrow, high 
stool urobilinogen excretion, and a high icteric in- 
dex. The extirpated spleen of Case 7 (refrac- 
tory anemia with hyperplastic marrow) showed 
no evidence of erythroid metaplasia but did show 
hyperplasia of the reticulum. There was no evi- 
dence of excessive deposits of iron pigments in 
the spleen. It weighed 585 gms. The routine find- 
ings in these two individuals (Cases 6 and 7) 
which are ordinarily associated with the diagnosis 
of hemolytic anemia are different in that they are 
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clear-cut and definite in Case 6 but questionable 
or absent in Case 7. In contrast, plasma iron 
turnover rates are increased in both cases; and 
both cases show the erythroclastic curve. 

We believe this affords a method for distinguish- 
ing some anemias of abnormal formation from 
those of abnormal destruction. The findings of 
a more rapid than normal iron turnover, erythro- 
clastic curve, the absence of excessive urobilinogen 
excretion, and the absence of high serum bilirubin 
and reticulocytes go together to indicate an abnor- 
mality or failure in the formation of hemoglobin 
and the rapid destruction of abnormal cells. This 
type of case could well be called an anemia of ab- 
normal hemoglobin formation with resulting short 
cell life (12). 

The second type of case in which the usual find- 
ings indicating abnormally rapid destruction and 
formation of erythrocytes are present with exces- 
sive iron turnover and an erythroclastic spleen 
curve could be considered as having an abnormally 
rapid destruction of red cells, not the result of 
an inherent abnormality in hemoglobin formation, 
but existing independently of erythrogenesis ex- 
cept for the stimulation it affords. 

In Figure 8 is presented the tissue body surface 
counting rate over liver from a normal subject 
and from two patients with refractory anemia 
(Case 1 and Case 7). The curve from the pa- 
tient with a hypoplastic marrow (Case 1) differs 
from the normal in that it rises beyond the ex- 
pected value and after 12 to 14 hours continues 
to rise, albeit at a slower rate, while that of the 
normal tends to decrease slowly. The patient 
having the hyperplastic marrow (Case 7) shows 
a failure of the counting rate over liver to reach 
the normal value and then tends to increase slowly. 

Case 1, with a hypoplastic marrow, illustrates the 
failure of the major pathway of iron from plasma 
to marrow to function and the substitute of the 
liver as the major pathway. The gradual slow 
gain in counting rate over liver is in accordance 
with the well-known function of the liver to effect 
net gains in iron when there is a failure in red 
cell formation or when extra iron is introduced 
into the body. The patient having the hyperplastic 
marrow (Case 7) demonstrates that the major 
exit of the iron from the plasma may continue to 
be marrow, even in the presence of severe anemia 
and abnormalities in medullary morphology. In 
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fact, the diversion of iron to this type of marrow 
is possibly greater than normal and accounts for 
the failure of counting rate over the liver to rise 
initially to the normal value. The rising counting 
rates over liver in the later days of the study indi- 
cate net gains of iron. Measurements over this 
patient’s liver were continued for 70 days, at 
which time the counting rate over liver was higher 
than over any other area. 


SUMMARY 


The kinetics of intravenously injected Fe°® 
Globulin IV-7 in tracer doses were observed by 
external scintillation counting over marrow, liver, 
and spleen as well as by in vitro analysis of plasma 
and erythrocyte radioactivity. Thirty patients and 
seven normal subjects were studied. 

The quantity of tracer in the plasma and red 
cells was plotted as a function of time; and the 
relative counting rates representing the other 
three compartments (marrow, liver and spleen), 
free from the counting rate contributed by blood, 
were plotted in a similar manner. In order to as- 
sess the significance of a tissue counting rate, a 
survey of the torso was made when the combined 
plasma and erythrocyte level was minimal. Polar 
coordinate plots of the relative counting rates of 
six cross-sectional torso levels indicated the re- 
lation of the spleen, liver, or marrow counting 
rates to those over the remainder of the body. 

The kinetics were remarkably uniform in young 
male adults. The tissue of major importance in 
depleting the plasma of the tracer was the bone 
marrow. The time required for the plasma de- 
pletion was quite uniform. This major initial 
transient accumulator, the bone marrow, was ob- 
served simultaneously to discharge the tracer as 
it appeared in the circulating erythrocytes. A 
minor initial transient accumulation occurred in 
the liver. This was seen to feed back into the ma- 
jor pathway: plasma, to marrow, to red cells. 

In the patients, abnormalities in the initial direc- 
tion or destination as well as in velocity were 
observed. 

In subjects having known marrow hyperplasia 
without splenic or hepatic abnormality (for ex- 
ample, secondary polycythemia), the velocity from 
plasma to marrow was increased. The marrow 
volume apparently included the extremities as was 
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evidenced by the lesser area of the normally 
shaped torso polar plots. 

When the major initial transient accumulator 
was spleen, there was always an increased velocity. 
Such patients showed microscopic evidence of lack 
of erythrogenic tissue in the bone marrow. If the 
initial transient major accumulation was divided 
among liver, marrow and spleen or liver and spleen 
alone, the velocity was also great. 

The presence of a large spleen was found not to 
be indicative of a particular type of iron kinetics. 
Two types of splenic curves were observed which 
are thought to represent erythrogenic and erythro- 
clastic phenomena. The conditions for the eryth- 
rogenic spleen curve were: (1) The spleen showed 
the ability to accumulate a greater than normal] 
amount of radioiron as the high initial plasma 
concentration fell; and (2) The spleen subse- 
quently discharged this excess of radioiron as the 
red cell concentration of radioiron rose. The con- 


dition with the erythroclastic spleen curve was: 
The spleen showed the ability to accumulate an 
abnormally great amount of radioiron concomi- 
tantly with a fall in marrow radioiron and a rise 


in red cell concentration. ‘“Erythroclastic” is not 
used to indicate that the primary abnormality is 
necessarily splenic but only to indicate excessive 
cell destruction. 

Two cases are presented having erythroclastic 
spleen curves, one of which had findings indi- 
cating that the spleen was primarily at fault, and 
the other having evidence of abnormal hemoglobin 
and cell formation. 

The liver was never observed to be the major 
remover of iron from the plasma to discharge it 
into cells; however, it, with the spleen, might 
share in various portions the delivering of tracer 
to the second major compartment, the red cells. 

A subnormal velocity was associated with the 
exclusive hepatic removal of tracer from plasma. 
For example, 48 hours might be required to de- 
plete the plasma of tracer to a level that would be 
achieved in one or two hours in a case where the 
spleen or bone marrow was the receptacle. How- 
ever, exclusive hepatic removal was not always 
associated with plasma iron turnover rates which 
were markedly below normal. When the liver 
was the major primary accumulator, it continued 
to maintain high levels for many days and no sec- 
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ondary wave of high counting rates appeared over 
any of the other four compartments studied. 

Failure of the normal second major compart- 
ment, the circulating erythrocytes, to exhibit ac- 
cumulation of Fe®®, was associated with all varia- 
tions in the preceding kinetics; that is, plasma to 
spleen, plasma to liver, or plasma to bone marrow. 
An interesting partial failure of the erythrocytes to 
accumulate tracer even though the marrow de- 
pleted the plasma or Fe*® occurred with the ap- 
pearance of a third receptable, the spleen. In one 
of these patients who presented the usual findings 
of excessive hemoglobin production and destruc- 
tion, the velocity of Fe*® from plasma to marrow 
was great, and there was no other tissue collecting 
the tracer. The marrow appeared to empty itself 
only partially of the tracer ; moreover, the erythro- 
cytes did not accumulate their normal portion, and 
simultaneously splenic counting rates rose over a 
two to four day period. Finally, an abnormal 
equilibrium was established in which the levels in 
spleen and marrow were very high, while that 
of the erythrocytes was unusually low. 

It is concluded that in vivo studies with Fe*® 
are of value in the study and diagnosis of various 
hematopoietic disorders. These studies are also a 
useful adjunct in the guidance of the clinician in 
therapy. 
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While patients receiving adrenocorticotrophic 
hormone (ACTH) often show an increased sense 
of well-being and mild euphoria, a small num- 
ber become psychotic. Electroencephalographic 
(EEG) changes (1) have been reported in patients 
receiving ACTH who become psychotic, but the 
changes have been inconsistently present. In one 
instance (2) the EEG changes appeared to be re- 
lated to a decrease in serum potassium level. 

These observations led to a study of cerebral 
blood flow and metabolism in patients receiving 
ACTH. Concurrent investigation of the EEG 
(3) and of the clinical and metabolic responses of 
these subjects will be reported elsewhere (4). 


METHOD 


A total of 44 observations on 14 patients was made; 
15 before, 23 during, and-six following ACTH treatment. 
ACTH was administered intramuscularly to adults in 
full therapeutic doses (60-100 mgs. Armour ACTH or 
30 to 40 mgs. Wilson’s Corticotropin daily). One 12 
year old child received 33 mgs. Armour ACTH daily. 
There was no significant difference noted in the clinical 
response to the two brands of ACTH at these doses. 
Measurements were made at least once during therapy 
and as often as four times at intervals varying from seven 
to 56 days. In all patients, except one studied at seven 
days, at least one of the repeat studies was made between 
the second and third week on therapy. Several disease 
states are represented, including five patients with active 
rheumatoid arthritis, three with disseminated lupus ery- 
thematosis, and one each with subacute glomerulonephritis 
with edema, chronic glomerulonephritis, primary systemic 
amyloidosis, myasthenia gravis, chronic pulmonary fibro- 
sis, and chronic exfoliative dermatitis. All patients 
showed increased appetite and sense of well-being and 
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most developed the facial fullness and redness suggestive 
of Cushing’s syndrome. 

All of the patients were studied under similar labora- 
tery conditions in the fasting state. The nitrous oxide 
method originally described by Kety and Schmidt (5) 
and modified by Scheinberg and Stead (6) was used. 
The gas mixture used in the determination consisted of 
approximately 15% N.O, 64% N., and 21% Os. Arterial 
blood pressure was measured by the auscultatory method 
with the arm held at heart level. Mean arterial blood 
pressures were calculated from these readings by adding 
one third of the pulse pressure to the diastolic pressure. 
Blood samples for determination of oxygen and glucose 
contents were drawn just before and following each 
cerebral blood flow. The A-V oxygen difference was 
determined by the method described by Hickam and 
Frayser (7). The blood glucose content was measured 
by Nelson’s (8) photometric adaptation of the Somogyi 
method. Cerebral oxygen and glucose utilizations were 
calculated as previously described (5, 6). 


RESULTS 


The results summarized in Table I show a statis- 
tically significant decrease in cerebral blood flow 
on ACTH treatment from 61 to 50 ml./min./100 
gm. brain. After approximately 14 days on ther- 
apy no further decrease in cerebral blood flow oc- 


TABLE I 


Effect of ACTH on cerebral blood flow and metabolism 
(Mean values of 44 determinations on 14 subjects) 


No ACTH | On ACTH 
(21 P-Value 
Determ.) | Determ.) 
CBF 
(ml./min./100 gm. brain) 61 +3.2 | 50.0+2.0 0.01 
A-V Os Diff. 
(vols. %) 5.82 65+ .23 0.05 
A-V Gl. Diff. 
(mgs. %) 8.2+ .50| 10.14 .45 0.02 
CMR 
(ml, O2/min./100 gm. brain) | 3.54 .50}] 3.2+ .33 | Not significant 
CMR GI. 
(mg. glucose/min./100 gm. 
brain) 49+ 40] .24| Not significant 
MABP 
(mm. Hg) 90 +2.0 |98 +2.7 0.05 to 0.01 
CVR 
(units) 16+ 2.14 .14] 0.05 to 0.01 
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curred in spite of continued full ACTH dosage. The 
arterial-cerebral venous oxygen and glucose differ- 
ences were increased and hence there was no de- 
monstrable change in cerebral utilization of oxy- 
gen and glucose (CMR O, and CMR GI1.). Dur- 
ing ACTH therapy a 9% increase in mean arterial 
blood pressure (MABP) occurred. There was, 
however, a 32% increase in cerebral vascular re- 
sistance (CVR) since the decrease in cerebral 
blood flow was greater than the rise in mean ar- 
terial blood pressure. 

Six patients with normal or high pre-treatment 
cerebral blood flows had studies performed both 
before initiation and after discontinuation of ACTH 
therapy. In this group there was only a 3 ml./ 
min./100 gm. brain difference and thus the be- 
fore and after flows have been grouped together 
in the column labeled “No ACTH” in Table I. 

There were six patients included in Table I 
whose cerebral blood flow before ACTH therapy 
was below 50 ml./min./100 gm. brain. These pa- 
tients also showed low oxygen and glucose con- 
sumption by the brain. In these six patients 


ACTH treatment was not associated with further 
reduction in cerebral blood flow (46 to 45 ml./ 


min./100 gm. brain), nor was oxygen consumption 
(2.8 to 2.9 ml. O,/min./100 gm. brain) signifi- 
cantly altered. Although these patients did de- 
velop a similar slight hypertension as did the group 
with normal initial flows, no significant change in 
cerebral vascular resistance occurred. The clini- 
cal response to ACTH treatment was similar re- 
gardless of the original level of cerebral blood 
flow. 

Two patients were studied before, during and 
following a psychotic episode which developed 
during ACTH therapy. These studies were not 
different from the cerebral blood flow changes 
which occurred in other patients receiving ACTH 
who did not become psychotic. Thus psychotic 
behavior during ACTH therapy was not associated 
with change in cerebral metabolism as measured 
by this method. Serial EEG studies were done on 
all patients (3). In 12 there was no gross change 
in the EEG pattern, including the two patients who 
had tracings during their period of psychosis. 
Definite improvement in EEG pattern was found 
on therapy in two patients. There appeared to 
be no correlation between changes in cerebral blood 
flow and EEG patterns. Nor was it possible to 
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correlate changes in plasma carbon dioxide com- 
bining power or serum potassium levels with 
changes in either cerebral blood flow or mental 
status. 


DISCUSSION 


The results show ACTH significantly decreased 
cerebral blood flow without changing cerebral 
oxygen and glucose consumption. This response 
occurs before or by the end of the second week 
of therapy, and seems to persist unchanged as 
long as the therapy is continued. The effect is 
reversible in that cerebral blood flow returns to 
pre-treatment levels within a few days after dis- 
continuation of treatment with ACTH. In pa- 
tients with abnormally low pre-treatment cerebral 
blood flow ACTH did not change either cerebral 
blood flow or cerebral metabolism. 

How ACTH decreases cerebral blood flow is 
unknown. The decrease in cerebral blood flow 
could be related to generalized increase in periph- 
eral resistance, to a decrease in cardiac output, or 
to a localized increase in resistance in the cerebral 
circulation. The rise in arterial pressure is less 
than would be expected if the peripheral resistance 
as a whole had increased to the same extent as 
the resistance in the cerebral vessels. In frag- 
mentary preliminary studies, ACTH has not con- 
sistently changed cardiac output (9-11). Horwitz 
and colleagues have reported that the cardiac out- 
put frequently decreases in those instances in which 
ACTH produces a fall in heart rate. The best ex- 
planation from: the available data is a local in- 
crease in cerebral vascular resistance of unknown 
etiology. 

A reduction in cerebral blood flow out of pro- 
portion to the general increase in peripheral re- 
sistance has been observed in subjects breathing 
85% oxygen and during hyperventilation (12). 
The cerebral metabolism of oxygen and glucose is 
normally maintained by simultaneous and adequate 
widening of their respective A-V differences. 

It is well known that cerebral vessels are ex- 
tremely sensitive to changes in blood pH (12) and 
carbon dioxide content. In respiratory alkalosis 
a decrease in cerebral blood flow does occur. In 
a few patients with Cushing’s disease and occasion- 
ally in those receiving ACTH metabolic alkalosis 
develops. The production of metabolic alkalosis 
in humans with 3% sodium bicarbonate intrave- 
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nously (13) has been found to increase cerebral 
blood flow markedly without changing cerebral 
metabolic rate. Thus it seems unlikely that meta- 
bolic alkalosis was responsible for the decrease in 
cerebral blood flow. It is known that hypothyroid- 
ism develops on prolonged ACTH treatment (14). 
The patients in this study, however, did not have 
any decrease in cerebral metabolic rate of oxygen 
consumption which characterized those patients 
studied by Scheinberg (15) with hypothyroidism. 


SUMMARY AND CONCLUSIONS 


1. Studies of cerebral blood flow and metabolism ; 
were made on 14 patients receiving ACTH for 
various diseases. 

2. An 18% decrease in cerebral blood flow oc- 
curred during ACTH therapy. This was associ- 
ated with a 32% increase in cerebral vascular re- 
sistance and 9% increase in mean arterial blood 
pressure. These changes were accompanied by 
significant widening of arterial-cerebral venous 
oxygen and glucose differences, and hence no 
change in cerebral metabolic utilization of oxygen 
or glucose. 

3. The decrease in cerebral blood flow during 
ACTH treatment occurs before or by the end of 
the second week, apparently persists unchanged 
on continued therapy, and returns to pre-treatment 
levels within several days after discontinuing 
ACTH. 

4, No information was found by this method to 
explain either the sense of well-being or the psy- 
chotic episodes which occur during ACTH therapy. 
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INTRODUCTION 


The administration of pituitary adrenocortico- 
trophin (ACTH) to patients with nephrosis has 
been reported to initiate diuresis in a large propor- 
tion of cases (1-6). Since this, diuresis may oc- 
cur either during or after the administration of 
ACTH, it is not clear how such a diuresis is re- 
lated to the secretions of the adrenal cortex. Re- 
nal function is usually markedly improved (7), 
but the relationship in time of such improvement 
with diuresis is not definitely established. In or- 
der to visualize the timing of me changes in re- 
nal and adrenal function, together with the shifts 
in fluids, electrolytes, and proteifis, a continuous 
series of measurements has been made during 
treatment of nephrosis with ACTH. 


SUBJECTS AND METHODS 


Fourteen patients with nephrosis have been treated 
with ACTH. Patients varied from two to 50 years of 
age. All presented the edema, proteinuria, hypopro- 
teinemia, and hypercholesterolemia characteristic of the 
syndrome. No patient had a systolic blood pressure above 
145 mm. Hg before treatment. Only one patient had an 
elevated serum creatinine level (3.0 mg.% in case 12). 
Quantitative examination of the urinary sediment showed 
no abnormality in cases 3, 7, and 8; the presence of some 
casts and epithelial cells containing fat, and 1 to 5 million 
red blood cells per 24 hours in cases 1, 2, 4, 5, 10, 11, and 
12; and a heavy sediment containing many casts, epithelial 
cells loaded with fat, and 15 to 120 million red blood cells 
per 24 hours in cases 6, 9, 13, and 14. In case 9, the 
nephrotic syndrome was associated with signs of dis- 
seminated lupus erythematosus. In case 11, there was a 
severe hemolytic anemia which responded fairly well to 
cortisone and remained relatively inactive during treat- 
ment with ACTH. In cases 3, 6, 7, 11, and 14, cortisone 
had been administered without a satisfactory diuresis. 

Controls, experimental procedure, and follow-up have 
been described in a previous report (8). Total serum 
protein and albumin were determined by micro-Kjeldahl 


1 This investigation was supported by a research grant 
from the National Heart Institute, U. S. Public Health 
Service. 


analysis for nitrogen. The separation of albumin with 
sodium sulfate, used in the present work, has been pre- 
viously (9) found to give a value for serum albumin 
which is approximately 0.7 gm./100 cc. greater than that 
obtained by electrophoresis. Because of the error in- 
troduced in the electrophoretic technique by the obvious 
variations in lipemia, the salting-out method was selected 
as more appropriate for comparing results before and after 
treatment. Protein in urine was measured in Shevsky- 
Stafford tubes after centrifugation in a constant-speed 
centrifuge and corrected for the small variations in tem- 
perature. 

“Creatinine” was determined without preliminary sepa- 
ration and thus includes other chromogens. Since multiple 
daily venepunctures were avoided in order to reduce blood 
loss, the effect of possible diurnal variation in the plasma 
“creatinine” was not taken into account except when 
short-term clearances were measured. 

ACTH was obtained from Armour and Co. as a lyoph- 
ilized powder. Daily dosage was given by intramuscular 
injection in four equal parts at intervals of six hours. 
Several different lots of ACTH were used in the course 
of the study, but there was no evidence that failure was 
due to absence of adrenal cortical response, with the pos- 
sible exception of case 12, in which neither a satisfactory 
eosinopenia nor a significant rise in 17-ketosteroids was 
observed during administration of ACTH. 


RESULTS 


The effects of administration of ACTH on diu- 
resis and on edema varied in degree and in time 
of appearance (Tables I and II). Four general 
types of response were noted : 


Group 1. Diuresis with complete elimination 
of edema during administration of ACTH. 

Group 2. Diuresis beginning during administra- 
tion of ACTH, completed after end of therapy. 

Group 3. Diuresis beginning after discontinu- 
ing administration of ACTH. 

Group 4. No effective diuresis. 


Although these differences in time of diuresis 
are not clearly related to the duration of treatment, 
it is possible that all patients would have eliminated 
their edema if treatment had been continued for 
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a longer period. Patients in groups 3 and 4, how- 
ever, Showed no signs of such improvement during 
nine to 14 days of treatment. 

Group 1. Two patients, one with heavy edema 
and one with slight edema, showed oliguria and 
reduced sodium excretion for the first three days 
of ACTH administration. Subsequently increas- 
ing diuresis and sodium excretion resulted in com- 
plete elimination of edema by the end of treatment 
on the 11th and 13th days (Figure 1, Tables I 
and II). 

Group 2. Four patients, two of whom received 
a second course of treatment with similar results, 
showed more or less oliguria for the first one td 
five days of ACTH administration (Table II). 
The depression of urine volume occurred even 
when sodium excretion before treatment was too 
low to be significantly reduced by ACTH. Subse- 
quent diuresis reached a maximum on the fifth to 
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Fic. 1. Diurests witH ELIMINATION OF EDEMA AND 
REDUCTION OF PROTEINURIA TO NORMAL DURING ADMINIS- 
TRATION OF ACTH (Case 2) 


Aggravation of all abnormalities during first few days 
of treatment was followed by improvement during the 
second week on ACTH. There was a rapid return toward 
control levels when treatment was stopped. Edema 
reappeared one month later. 
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KG, 
64 


BODY 


WEIGHT 
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CLEARANCE 
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SERUM 
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DAYS 1234/123456789123456 


Fic. 2. DruresIs DURING AND AFTER ADMINISTRATION 
or ACTH (Case 3a) 


After the fourth day of ACTH, there were sharp in- 
creases in creatinine clearance and in urine volume, fol- 
lowed by rising serum sodium and finally by a rise in 
urinary sodium. Diuresis increased when ACTH was 
withheld. Proteinuria remained low after treatment. 
Serum proteins reached a peak of 6.3% (albumin 3.9%) 
two weeks after treatment. 


tenth day of treatment. In two cases, diuresis and 
elimination of edema at the end of ACTH adminis- 
tration were proceeding at a steady or increasing 
rate, which increased sharply when ACTH was 
withheld (Figure 2). In these cases, diuresis 
might well have gone on to complete relief of 
edema if treatment had been continued. In the 
other two cases, however, the rate of diuresis had 
reached a maximum and was falling at the end 
of ACTH administration, leaving considerable 
edema. A second peak of weight loss and of so- 
dium excretion appeared on the first to fourth day 
after the end of therapy (Figure 3). 

Group 3. Four patients showed oliguria and 
sodium retention, as in the other patients, but ef- 
fective diuresis did not occur during the second 
week of treatment (Table II). The serum sodium 
concentration remained low. Sodium excretion 
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remained well below the intake of sodium. Ob- 
servations at the end of nine to 14 days of ACTH 
gave no promise of impending diuresis (Figure 4). 

When administration of ACTH was stopped, 
there was a large increase in urine volume, be- 
ginning within 24 hours of the last injection. The 
serum sodium concentration rose rapidly, and 
large amounts of sodium were excreted in the 
urine. Elimination of edema followed in five to 
nine days after the end of ACTH administration. 

Group 4. Four patients had no effective diure- 
sis during or after treatment. This group included 
three patients with considerably reduced renal 
function due to chronic glomerulonephritis. The 
fourth patient (case 13) developed signs of acute 
infection when ACTH was withdrawn, followed 
by delayed and sluggish diuresis. 

Serum sodium concentration was frequently be- 
low the average normal level before administration 
of ACTH (Table II). There was no obvious re- 


lationship between the degree of restriction of so- 
dium intake and the individual levels of serum so- 
dium before treatment. When ACTH was ad- 
ministered, the serum sodium concentration usu- 
ally fell (average — 5 m.eq./L) with the initial 
reduction of urine volume and gain in weight 
(Table II, Figures 1 and 4). Restriction of so- 
dium intake may have exaggerated the fall in so- 
dium concentration. After ten days of treatment, 
the serum sodium concentration was 140 m.eq./L 
or higher in nine of the 16 observations. Groups 
1 and 2 were consistently normal (average 142 
m.eq./L, Table II) at the end of treatment. In 
group 3, the concentration of sodium fell to very 
low levels (Table II) and was still far below nor- 
mal (average 128 m.eq./L) at the end of treatment. 
Group 4 showed a variable pattern. No specific 
symptoms referable to the lowered serum sodium 
concentration were noted. 

The fall in the serum sodium concentration in 


TABLE I 


Body weight Proteinuria* 


Duration 

of edema 

(months) After B 
BR (kg.) 


Control 
Range on R Range t Rh 
(gm./day) (em./day) 


. Diuresis complete 


3.4(4)-0.08(11) 
3.0(3)-0.08(10) 


0.21(2)-1.08(7) 
0.12(2)-0.07 (6) 


II. Diuresis started during treatment, 


13.4(1)-2.9(9) 


3.3(1)-1.0(26) 
11.5(2)-0.3(10) 0 

1 

2 


.5(2)-0.1(7) 
-1(1)-0.2(2) 
-8(8t)-0.2(20) 


3.0(3)- 15. 2(5) 


1.6(1)-0.4(10) 
1.3(7)-5.0(13) 4 
5.4(4)-0.7(11) 0 
15.0(1)—29.2(6) 


III. Diuresis prima- 


6.1(6)—3.1(8) 1.2(3)-2.5$(7) 
— -0.11(10) 0.11(1)-0.02(8) 

7.1(3)-16.0(13) 10.6(3)-4.7(11) 

3.2(3)-9.1(7) 10.3(5¢)-1.5(11) 


IV. Diuresis 


$1.1 
97.7 


78.1 


—0.4 8.9(3)-4.3(8) 4.4(1)-6.3(4) 
—1.8 : Unchanged Unchanged 


—1.4 13.7(1)-21.3(12) 23.2(5)-16.4(8) 


* Number in parenthesis indicates day of treatment or after treatment when maximum or minimum was observed. 


Intercurrent infection. 


— 
— 
ACTH | 
No. | (yrs.) Weight 
3 13 | 650! 13.7 | 
2 7 2 350 | 27.6 -2.4 2.4 
3a | 16 2 9 500 | 48.9 —14.3 12.5 
ae 3b | 16 8 10 600 | 55.0 —4.1 6.0 fos 
(a 4 3 24 10 800 15.7 —2.9 1.9 on 
Sa | 2 5 13 650 | 13.8 -1.0 1.6 
Sb | 3 10 12 | 1,030 | 13.1 ~33 2.7 
i-u 10 500 | 63.4 -6.1 14.7 
4 
7 | 50 4 9 550 | 49.5 -10.5 3.3 
8 2 8 550 | 11.1 —5.6 1.6 
ee 9 | 39 6 14 | 1,500 | 55.8 -4.6 6.0 - 
eae 10 3 4 10 250 | 16.2 -7.3 5.5 be 
11 34 10 1,000 
fe 13 3 7 | ey 
i4 35 2 12 640 = 
433 
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the early days of treatment was usually associated 
with increases in body weight and edema and with 
a fall in urine volume, suggesting a dilution of the 
extracellular fluid. The return of the serum so- 
dium concentration to higher levels with increas- 
ing urine volume at the beginning of diuresis 
supported this impression. However, some ob- 
vious discrepancies suggest that other factors play 
a role. Exchanges of sodium between cells and 
extracellular fluid are by no means excluded. 
Increased excretion of sodium in the urine ap- 
peared at a variable level of serum sodium, gener- 
ally approaching normal levels (Figures 1-4). 
Endogenous “creatinine” clearance increased! 
regularly after the first few days of treatment 
(Table II). The average increase was 63% of the 
control level. Improvement often continued for 
some days after administration of ACTH was 
stopped. Then there was usually a gradual de- 
cline in clearance, but case 3 (Table II) still 
showed a virtually normal “creatinine” clearance 
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when she returned six months after the first course 
of treatment because of recurrence of edema. 

No consistent difference in the changes in 
“creatinine” clearance between the four groups 
was evident to account for the difference in time of 
diuresis. 

The relationship between the clearances of 
“creatinine” and inulin has not been systematically 
measured. A few observations (Table IV) indi- 
cated that the general pattern of changes in the 
two clearances could be parallel. Barnett and his 
co-workers (7), using a more specific creatinine 
method, have noted much greater rises in inulin 
clearance than in creatinine clearance in children 
with nephrosis. In some of the cases reported 
here, the changes in glomerular filtration rate may 
thus have been even greater than the observed 
changes in “creatinine” clearance. 

Sodium-retaining activity of the corticoid frac- 
tion of urine was equivalent to 3.4 to 9.6y of 
desoxycorticosterone per 20 minutes of urine 


TABLE 1 (Continued) 


Serum proteins 


Serum albumin 


Serum cholesterol 


Maximum 
(gem./100 cc.) 


Control End R Control 
(gm./100 cc.) | (gm./100 cc.) (gm./100 cc.) 


End 
(gm./100 cc.) 


Minimum 
(mg./100 cc.) 


Maximum Control End R 
(gm./100 cc.) | (mg./100 cc.) | (meg./100 cc.) 


during treatment 


4.6 


5.0 
4.2 5.7 


completed after end of treatment 


Nuss 


rily post-treatment 


ineffectual 


1070 


t Follow-up six weeks after discharge: Proteinuria 0.1 gm./day; serum proteins 6.0, albumin 4.2 gm./100 cc. 
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2.9 3.3 3.2 1.7 1.8 1.8 12 
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TABLE II 


Control 


Minimum 
post 


Sodium 
intake 
(m.eq./day) 


Sodium output in urine 


Urine 


Control 
average 
(m.eq./day) 


During treatment 


After R 


Minimum 
(m.eq./day) 


Maximum 
(m.eq./day) 


maximum 
(m.eq./day) 


Control 
average 
(cc./day) 


During 


Minimum 
(cc./day) 


I. Diuresis complete 


1.2(3)* 


111(12) 
37(3) 


40(1) 
20(3) 


720 
640 


150(2) 
345(3) 


I. Diuresis started during treatment, 


96(9) 
92(10) 
80(10) 
40(10) 
95(10) 
149(6) 


421(3) 
164(2) 
165(1) 

33(4) 
200(1) 
107(1) 


610(2) 


1230(1) 


III. Diuresis prima- 


517(4) 
99(7) 
98(7) 

327(5) 


760 
140 
1750 


450(1) 


770(4) 
240(5) 


. Diuresis 


0.5 
11.4 


2.0(10) 


1.3(9)§ 
1.0(5) 


390(1) 
560(4) 


360(1) 


18.0(4) 


121.0(11) 
24.6(5) 


* Number in parenthesis indicates day of observation. 


+ Sodium intake above 50 m.eq./day on previous days. 


(Table III). The average of these determinations 
was 5.2 y, compared with a normal average of 
1.5 y (normal range 0 to 3.47). The restriction of 
sodium intake may have accounted in part for the 
abnormally high output of sodium-retaining cor- 
ticoids in some of the patients, but the data in case 
10 suggest that wide variations in dietary sodium 
did not affect the assay significantly. In the other 
cases, changes in sodium-retaining activity oc- 
curred under treatment with ACTH without any 
change in the sodium intake. 

In two cases, considerable increases in sodium- 
retaining activity were noted on the second and 
third days on ACTH, coincident with the decrease 
in sodium excretion. 

In groups 1 and 2, five of the six series of assays 
showed a distinct fall in sodium-retaining activity 
during or after administration of ACTH. In the 
sixth (case 3a), the level of activity had fallen after 


treatment with cortisone and albumin. No signifi- 
cant change in activity was noted when ACTH was 
given, but when a second course of ACTH (case 
3b) was given six months later because of a re- 
currence of edema, the sodium-retaining activity 
responded as in the other cases. In case 5, a more 
rapid diuresis and a sharper fall in sodium-retain- 
ing activity were noted on the second course of 
ACTH (case 5b). 

In contrast to the effects of cortisone, which 
usually resulted in a diuresis and a fall in sodium- 
retaining activity after the end of treatment (8), 
three patients who lost much of their edema during 
ACTH administration showed a disappearance of 
the excessive sodium-retaining activity on the 
ninth to 11th days of ACTH therapy (Table III, 
cases 1, 3b, 5b). In these patients, there was a 
rise in sodium-retaining activity on the first or 
second day after the end of ACTH administration. 
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TABLE 11 (Continued) 


volume Serum sodium concentration Creatinine clearance 
treatment During treatment Conte OnB After B Case 
during treatment 
1340(12) 1230(2) 140.5 130.0(3) 140.0(10) | 140.0(3) 44 58(10) §2(1) 1 
1160(9) 1180(2) 142.0 140.0(9) 141.5(2) 141.5(6) 64 80(9) 81(1) 2 
completed after end of treatment 
4810(5) 4675(3) 128.0 127.0(4) 146.0(9) 146.0(1) 46t 97(9) 113(1) 3a 
4160(10) | 4200(2) 143.0 141.0(3) 144.5(6) 143.0(21) 102 123(8) 107(2) 3b 
686(10) 1270(1) 138.0 138.0(2) 145.0(9) 143.0(2) 39 78(10) 86(4) 4 
275(8) 440(6) 135.0 127.5(5) 138.0(11) | 140.0(4) 40 68(12) 82(2) Sa 
1350(10) | 2150(1) 132.5 127.5(4) 141.5(11) | 142.5(2) 52 63(10) 73(4)§ 5b 
3450(6) 2320(3) 141.0 139.0(6) 142.0(4) 137.0(3) 64t 87(10) 86(1) 6 
rily post-treatment 
1450(9) 5380(4) 135.0 125.5(5) 127.0(3) 137.0(8) 25 32(7) 36(4) 7 
500(9) 1230(6) 130.0 120.0(7) 131.5(10) | 144.0(13) 29 32(7) 37(5) 8 
2400(7) 4320(3) 131.0 117.0(14) 123.0(7) 135.5(9) 45 68(13) 70(1) 9 
1415(9) 3800(5) 116.0 114.5(2) 132.0(10) | 140.5(4) 60 96(10) 97(11)§ | 10 
ineffectual 
1080(3) 2150(1) 138.0 132.0(6) 133.5(8) 139.0(4) 22t 25(p)|| | 43(p)|| 11 
910(3) 2015(6) 138.0 137.0(3) 140.0(8) 139.0(5) Serum creatinine = 3 mg.% 12 
455(9) 1045(11) 138.0 —- 141.0(11) os Serum creatinine = 0.8 mg.% 13 
680(5) 2485(1) 137.5 123.0(11) 134.0(2) 138.0(9) 27t 40(8) | 39(1) 14 


t Modified by recent administration of cortisone. 
Intercurrent infection. 
| (p) = pooled specimen. 


In group 3, the time of diuresis and of fall in 
sodium-retaining activity resembled the events 
after successful use of cortisone, when maximal 
diuresis and fall of sodium-retaining activity to 
low levels was noted on the fourth or a later day 
after the end of treatment (Table III, cases 7, 10). 

Serum potassium concentration was not greatly 
affected by treatment. In an effort to avoid a 
sharp rise in serum potassium during treatment, 
similar to that occasionally observed during treat- 
ment of nephrosis with cortisone (8, 10), a re- 
duction in potassium intake by the elimination of 
foods very high in potassium was made in the 
present study. Perhaps as a result of the smaller 
potassium intake, or perhaps because of other dif- 
ferences in the actions of ACTH, the trend of the 
present group was toward a lower serum potassium 
during treatment. In five patients, the concentra- 


tion of potassium fell below 4 m.eq./L in the 
serum, the lowest level being 3.1 m.eq./L. An 
increased potassium intake prevented further fall 
in the concentration of potassium in the serum.? 
The serum potassium level returned promptly to 
norma: when treatment was stopped. The level of 
potassium in the serum is apparently regulated 
with difficulty during treatment, and should be 
carefully followed. 

Proteinuria was sometimes increased above con- 
trol levels during treatment with ACTH. Subse- 
quently, it was greatly reduced in ten of the 15 
courses of ACTH in 14 patients (Table I). In 


2In one patient observed after the completion of this 
report, the serum potassium fell from 4.0 to 1.9 m.eq./L in 
two days of rapid diuresis during ACTH administration. 
Intensive replacement of potassium and withdrawal of 
ACTH were necessary to control the sharp fall in serum 
potassium concentration. 
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four patients, the urinary protein reached a mini- 
mum of 100 mg. or less per day. In general, re- 
duction of proteinuria occurred at about the same 
time as diuresis. Although diuresis might occur 
without reduction of proteinuria, proteinuria was 
not observed to fall without diuresis. Thus, in 
groups 1 and 2, seven of the eight cases showed re- 
duction of proteinuria during treatment, although 
a minimum was usually reached after the end of 
treatment. In group 3, only one patient showed 
a reduction in proteinuria during treatment, while 
in the other three patients, the reduction of pro- 
teinuria, like diuresis, occurred after the end of 
treatment. Proteinuria was unchanged in group 
4. 

Concentration of serum proteins and albumin 
were significantly increased in 11 of the 12 cases 
in which diuresis was observed (Table I). In 
four cases, the levels of total protein and albumin 
approached normal. The average changes in 
groups 1, 2, and 3 were: total protein increased 
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Fic. 3. Partita, Druresis purRING ADMINISTRATION OF 
ACTH (Case 6) 

A second peak of sodium excretion and weight loss oc- 
curred after ACTH was withheld. Proteinuria was not 
significantly affected, but serum protein levels were in- 
creased. 
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Fic. 4. Drurests AFTER END oF ADMINISTRATION OF 
ACTH (Case 7) 


No clinical evidence of improvement appeared during 
treatment, although creatinine clearance and serum pro- 
teins showed slight increases. After the end of treatment, 
a brisk diuresis ushered in a remission which has con- 
tinued for ten months, with normal blood proteins and 
no abnormality of the urine. 


from 4.0 to 5.3 gm./100 cc. and albumin increased 
from 1.6 to 2.8 gm./100 cc. 

It is of some interest that considerable increases 
in total protein or albumin concentration may oc- 
cur while proteinuria continues at a steady or in- 
creased rate. A part of the increased concentra- 
tion may be due to the shrinkage of extracellular 
fluid volume during diuresis (e¢.g., case 6), but in 
cases 11, 12, and 13, the improvement in albumin 
or protein concentration without diuresis or de- 
crease in proteinuria suggests an increased produc- 
tion or release of proteins into the plasnta. 

Microscopic examination of the urinary sediment 
showed a disappearance of abnormal forms after 
treatment in cases 1, 2, and 4. These patients ex- 
creted red blood cells (1 to 4 million/24 hours), 
epithelial cells containing fat, and a variable num- 
ber of hyaline and granular casts before treatment. 
After treatment, these abnormalities were consist- 
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TABLE Ill 
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Sodium-retaining activity of urinary corticoid fraction* 
(expressed in equivalents in micrograms of desoxycorticosterone per 20 minutes of urine) 


Day of urine collection 


Clinical status 


Sodium- 

retaining 

activity 
(y) 


Urine 
volume 
(cc./day) 


Urine 
sodium 
(m.eq./day) 


Serum 
sodium 
(m.eq./L) 


Control 

On ACTH day 3 
On ACTH day 11 
After ACTH day 1 


Heavy edema 
Edema worse 
Lost 2.6 kg. 
No edema 


140 
130 
140 
140 


Control 

After cortisone and al- 
bumin 

On ACTH day 7 

After ACTH day 3 


Heavy edema 
Little change 


Diuresis water. 
Peak of diuresis 


133 
130 


141 
142 


Control 

On ACTH day 2 
On ACTH day 9 
After ACTH day 2 


Recurrence of edema 
Unchanged 
Lost 1.4 kg. 
End of diuresis 


143 


Control 
After ACTH day 2 


Heavy edema 
Lost 2.4 kg. 


Control 

After diuretic 

On ACTH day 5 
On ACTH day 10 
After ACTH day 1 
After ACTH day 4 


Edema 3+ 
Unchanged 
Edema worse 
Lost 0.3 kg. 

Lost 0.6 kg. total 
No visible edema 


Control 

On ACTH day 5 
On ACTH day 10 
After ACTH day 1 


Edema 3+ 
Edema worse 
Lost 1.4 kg. 
Peak of diuresis 


Control 
After ACTH day 4 


Heavy edema 
Peak of diuresis 


Regular diet 
Paracentesis 
Na intake 9m.eq. 


Heavy edema 


Edema same 


Ss 
Al wtoa 


On ACTH day 2 
Na added to diet 
On ACTH day 8 


Edema same 


Edema same 


a 
aA 


After ACTH day 4 


Rapid diuresis 


*See Addendum, p. 1541 
t Caused increased sodium excretion in rats. 


ently absent. In three other cases, no abnormality 
was noted before or after treatment. Eight other 
patients showed no change in number or type of 
abnormal cells or casts observed before treatment. 

Serum cholesterol was frequently decreased dur- 
ing treatment (Table I) and returned gradually 
toward normal after treatment when improvement 
continued. 

Hematocrit was insignificantly affected during 
or after treatment. An occasional striking im- 
provement is masked in the averages by declines in 
other cases, usually small children. The repeated 


drawing of blood for chemical analysis may have 
affected these results. 

Erythrocyte sedimentation rate was reduced af- 
ter treatment only in cases 3 and 6. In the other 
patients, the rapid sedimentation was unaffected. 

White blood cells were increased in number dur- 
ing administration of ACTH from a control aver- 
age of 8,600/c.mm. to an average peak of 21,600/ 
c.mm. during treatment. Counts returned to nor- 
mal within a few days after treatment. 

Eosinophilic leukocytes were found in the blood 
in numbers between 100 and 300/c.mm. in eight 


1 853 5.0 
1085 97.0 
975 40 
3a ™ 405 0.4 
20 | of | 
it 
3b 2030 50. = 
2060 1.0 141 
Wee 3150 49, 144 
4200 164. 142 ay 
4 115 0.5 138 
1025 113. 143 
Sa 144 1.9 138 
170 0.3 135 
152 0.1 128 
263 40.2 137 
240 23 138 
282 33.3 140 
“| 190 0.3 129 
1350 95. 140 
7 823 2.0 134 
5380 517. 134 
10 208 0.2 135 
850 0.5 116 
680 0.1 115 
1415 0.5 125 — 
he 
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TABLE IV 


Comparison of clearances of creatinine and inulin 
during and after diuresis in case 3b 


Clearance 


Clinical 
status Inulin | Creatinine} Creatinine 
(a.m.)* (a.m. (24-hour) 


(cc./min./1.72 sq.m.) 


Edema 112 
3+ 


Control 


ACTH day 7 Begin- 
ning di- 


uresis 


Increas- 
ing di- 
uresis 


End of 116 96 
diuresis 


ACTH day 10 


3 days after last 
dose of ACTH 


*(a.m.) indicates the average clearance during three 
periods of 30 minutes each on the morning of the day noted. 


of the patients before treatment, In five of the 
patients, there were 325 to 2850 eosinophiles/ 
c.mm. Two patients had counts below 100/c.mm. 
During treatment eosinophiles feil to between 0 
and 11 cells/c.mm. in 11 patients. In terms of 
percent of counts before treatment, eosinophiles 
were reduced to less than 10% of the control level 
in 13 of 15 courses of treatment. Cases 4 and 12 
showed reductions to 30 and 66%, respectively, of 
the control levels. 

It was of some interest that the number of 
eosinophiles tended to fall sharply and then to 
rise slowly in some patients who showed a diuresis 
during the later days of therapy. Some observa- 
tions on urinary 17-ketosteroid excretion by two 
of these patients, as well as a few reported observa- 
tions by other workers (6, 11), do not support the 
suggestion that there might be a decline of adrenal 
secretion at this time. 

Blood pressure was increased in ten patients 
during treatment, essentially unchanged in three, 
and slightly decreased in one patient. The average 
blood pressure in these patients was 120/80 before 
treatment and 132/85 at the end of administration 
of ACTH. Either systolic or diastolic pressure 
might be affected. Maxima observed were 170 
systolic and 110 diastolic. In ten patients, blood 
pressure during the five days after the end of treat- 
ment fell below the pre-treatment level by an aver- 
age of 15 mm. Hg. In the rest of the group, blood 
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pressure was not affected or it returned gradually 
to control levels, remaining elevated above the 
control level for as long as a week in one patient. 

Duration of effects. Three of the ten patients 
(cases 2, 4, 7) who lost all edema during or after 
the first course of administration of ACTH are in 
remission three to ten months later, with dimin- 
ished proteinuria and freedom from edema. 

Seven patients have had a recurrence of edema, 
beginning from one to four months after treatment. 
In four of these patients (cases 1, 5, 8 and 10), a 
severe respiratory infection was followed by in- 
creased proteinuria and appearance of edema of 
slight to moderate degree. Three other patients 
have had a gradual return of edema, attributed by 
the patient to posture (sitting at a desk in school), 
to exposure to sun, or to no evident reason. In 
most of these cases, the edema has been quite 
moderate in extent, sometimes being present only 
during or after a respiratory infection. Appetite 
and general condition have remained excellent. 

A second course of ACTH has been given to 
three of these patients (cases 3, 5, 9) because 
of persistent edema and gradual deterioration of 
appetite, activity, and psychological outlook. The 
response to treatment was similar to that after 
the first course. A greater reduction in protein- 
uria was noted on the second trial of ACTH in 
case 3b, while edema was more promptly and 
completely eliminated in case 5b. Insufficient 
data are available for an exact comparison of the 
second course of ACTH in case 9, but the clinical 
response was similar in all respects. 

The three patients who received a second course 
of ACTH are free of edema. Case 9 has been 
treated too recently to allow any evaluation. In 
cases 3 and 5, reduced proteinuria and freedom 
from edema have continued for two and _ five 
months, respectively, after treatment. 


DISCUSSION 


The mechanism by which improvement occurs 
during or after treatment of nephrosis with ACTH 
is complex, but certain results of treatment are 
clear. 

The initial effect of ACTH is often an aggrava- 
tion of the clinical picture of nephrosis. Edema 
and proteinuria are usually increased, urine vol- 
ume falls, and there may be a temporary reduc- 
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tion of “creatinine” clearance. Abnormalities of 
the urinary sediment may be even more evident in 
the highly concentrated urine. These changes 
occur at a time when the symptoms of rheumatic 
or “collagen” disease would be clearing. In case 
9, for example, the general signs of lupus erythem- 
atosus disseminatus were promptly improved by 
ACTH, while the evidences of the renal lesion 
were unchanged or aggravated. 

After some days of treatment, signs of im- 
provement appear. In about half of the cases, 
profuse diuresis and progressive loss of edema are 
seen during treatment. Several factors which 
may affect diuresis are modified at this time, 
These include the clearances of “creatinine” and 
of inulin, the serum sodium concentration, and 
the sodium-retaining activity of the corticoid frac- 
tion of urine. 

There is a considerable increase in the clearance 
of “creatinine” in most of these patients, as has 
been previously observed (7). This improvement 
usually reaches a peak near the end of treatment, 
and subsequently declines. A variable degree of 
the gain in “creatinine” clearance is maintained. 

The changes are larger in magnitude and more 
persistent than those observed in patients without 
renal disease treated with ACTH (12,13). There 
is no clear correlation between any given level 
of clearance and clinical improvement. 

A subnormal concentration of sodium in the 
serum of an edematous patient, reflecting an excess 
of water over sodium in extracellular fluid, oc- 
curs commonly in patients with nephrosis. Dur- 
ing the first days of treatment with ACTH, this 
situation may be aggravated. The adrenal 11- 
oxysteroids, excreted in increasing quantities un- 
der the influence of ACTH (6, 11), have an ap- 
preciable diuretic action under similar conditions 
(14). This action could account for the diuresis 
of water and the subsequent rise in the serum 
sodium concentration, which usually precede an 
effective diuresis. 

Measurement of the sodium-retaining activity 
of the corticoid fractions of the urines of this group 
of patients with nephrosis shows greater than 
normal activity before treatment. This abnor- 
mally high sodium-retaining activity may be in- 
creased initially when ACTH is given, and then 
falls when diuresis occurs. Similar observations 
in patients treated with cortisone show a reduced 


1539 


sodium-retaining activity during the diuresis 
which often follows after cortisone administration. 
The hypothesis that cortisone suppresses the output 
of an active sodium-retaining hormone has been 
offered as a possible explanation. The fall in 
urinary sodium-retaining activity which accom- 
panies the diuresis during the second week of 
ACTH administration can not be satisfactorily ex- 
plained in this way, since studies of other adrenal 
secretions show a continued or increasing level 
of adrenal activity at this time. Further studies 
are necessary to evaluate hypotheses concerning 
changes in metabolism (15), competitive interac- 
tions, and variations in responsiveness of the renal 
tubules (2). 

When reduction in proteinuria and improvement 
in urinary sediment occur, these changes appear 
at approximately the same time as the diuresis. It 
seems probable that all of these events are medi- 
ated by closely related factors, as yet ill-defined. 

The improvement in the concentrations of al- 
bumin and of total proteins in the serum is gener- 
ally greatest if both a diuresis and a reduction in 
proteinuria occur. Reduction of proteinuria does 
not seem to be a necessary factor for improvement 
in the concentration of serum proteins, however. 
In several cases, a virtual cessation of proteinuria 
was followed by a very disappointing improvement 
in serum protein levels. As in other forms of 
treatment, proteinuria and hypoproteinemia are 
no obstacle to diuresis, while maximum improve- 
ment in serum proteins occurs after the end of the 
diuresis (9, 16). 

Moderate increases in plasma volume have been 
observed in children with nephrosis during treat- 
ment with ACTH (7). Significant changes were 
associated with proportional reduction in the 
hematocrit. The hematocrit was usually un- 
changed or moderately increased in adult patients 
in the present study. It seems unlikely that any 
large increase in plasma volume occurred. unless_ 
this was masked by a simultaneous and propor- 
tional increase in red blood cell volume. Further 
studies of this possibility are indicated. 

The effect of these changes on the ultimate 
course of the disease remains to be evaluated by 
follow-up for a longer period of time. In the 
meanwhile, the clinical manifestations of the dis- 
ease have been greatly improved. Most of these 
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patients are leading an essentially normal life ex- 
cept for continued restriction of sodium intake. 

A comparison of the effects of ACTH and cor- 
tisone shows many points of similarity. A few 
differences appear to be consistent. The adminis- 
tration of ACTH is followed by diuresis in a 
higher proportion of cases than in a similar group 
treated with cortisone. Diuresis may appear dur- 
ing treatment with ACTH, while it rarely appears 
until after the end of cortisone administration. 
Reduction of proteinuria below the control level 
occurs commonly during ACTH treatment, while 
such improvement is noted less frequently after 
the withdrawal of cortisone. The fall in serum 
cholesterol is much more striking after adminis- 
tration of ACTH. Increases in blood pressure are 
more impressive during ACTH than during cor- 
tisone treatment. In the dosage used, ACTH ap- 
pears to be more effective than cortisone in in- 
ducing an immediate improvement in a larger 
proportion of cases, but the difference in fre- 
quency of response is not so great as might be in- 
ferred from scattered reports of a few cases, some 
of whom were inadequately treated with cortisone. 
In larger groups of unselected patients, the fre- 
quency of diuresis is only moderately less after 
cortisone than after treatment with ACTH (8, 
10). Further study of cortisone, ACTH, and re- 
lated compounds and of different plans of treat- 
ment is indicated. 


SUMMARY 


When ACTH was administered for nine to 14 
days to 14 patients with nephrosis, the following 
results were noted: 


(1) Almost all patients retained water and 


gained weight. There was reduction of urinary 
sodium excretion and increased proteinuria. In 
this group of patients on a small sodium intake, 
the concentration of sodium in the serum fell dur- 
ing this phase, which lasted from one to 14 days. 

(2) In six cases, increasing diuresis appeared 
on the second to sixth day of ACTH treatment, 
and was followed by a rise in the serum sodium 
concentration and gradually increasing excretion 
of sodium in the urine. This diuresis resulted in 
the elimination of most of the edema. A second 
increase in diuresis and loss of edema occurred 
after treatment was stopped. 

(3) In four cases, no effective diuresis ap- 
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peared during nine to 14 days of treatment, but 
there was complete elimination of edema by a 
rapid diuresis beginning immediately after the 
end of administration of ACTH. 

(4) In four cases, no significant clinical im- 
provement was observed. 

(5) Proteinuria was reduced in eight of the 
ten patients who lost their edema. In four cases, 
the excretion of protein in the urine fell to normal 
levels. 

(6) All abnormalities of the urinary sediment 
disappeared in three cases. 

(7) There were increases in the concentrations 
of protein and albumin in the serum, apparently re- 
lated in part to diuresis and to reduction in pro- 
teinuria, but not always explicable on these bases. 

(8) The abnormally high concentration of 
cholesterol in the serum was usually decreased. 

(9) There was increased clearance of endoge- 
nous “creatinine” during treatment. After treat- 
ment, “creatinine” clearance usually decreased, 
but some improvement above control levels was 
maintained. 

(10) The abnormally high sodium-retaining 
activity of the urinary corticoids decreased at the 
time of diuresis during or after treatment. 

(11) The blood pressure was variably increased 
during treatment, but usually fell below control 
levels after the end of treatment. 

(12) The concentration of potassium in the se- 
rum varied either above or below normal in dif- 
ferent patients. These variations were difficult to 
predict, but, once determined, could probably be 
minimized by appropriate changes in potassium 
intake. 

(13) The clinical improvement induced by 
ACTH was generally fully maintained for a few 
months, after which a recurrence of the nephrotic 
syndrome might follow a minor infection or might 
appear without obvious cause. Remissions have 
persisted for many months. 

(14) A second course of treatment with ACTH 
was effective in the treatment of recurrent edema 
after the first course of cortisone or ACTH. 


CONCLUSIONS 


1. The administration of ACTH is followed by 
elimination of edema and by improvement in the 
other abnormalities of nephrosis in a large propor- 
tion of the cases treated. 
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2. Certain physiological changes are observed 
regularly to precede or accompany the elimination 
of edema. The most important are increasing re- 
nal clearance of “creatinine,” increasing urine flow, 
increasing serum sodium concentration, and de- 
creasing sodium-retaining activity of the urinary 
corticoids. No one of these physiological measure- 
ments appears to be the sole regulator of diuresis. 
Elimination of edema seems to be the result of a 
favorable combination of the important factors, 
which may occur during or immediately after the 
administration of ACTH. 

4. The parallel changes in edema and protein- 
uria, both increasing in the first days of ACTH 
treatment, and both usually decreasing simultane- 
ously whether during or after treatment, suggest 
that these abnormalities are regulated by closely 
related mechanisms. The concentration of the 
plasma proteins seems to be affected secondarily. 

5. The modification of the most important 
physiological manifestations of the nephrotic syn- 
drome by the adrenal cortical steroids is again 
demonstrated. The exact role of these steroids in 
aggravating or improving the renal disturbance 
remains uncertain. 
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ADDENDUM 

Since this report was prepared, some observations show 
that the solvent in which the standard DCA and the un- 
known are dissolved has an appreciable sodium-retaining 
effect in the method of bioassay used, although it was 
thought to be inert on the basis of previous controls 
with a less sensitive method. This systematic error does 
not affect values about 5‘, but adds an increasing blank 
to less active materials. No change in interpretation 
appears necessary, since correction of the error would 
result in more impressive changes of the type described. 
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The recent discovery by Middlebrook (1, 2) 
that sera from tuberculous animals and human be- 
ings are capable of agglutinating and lysing eryth- 
rocytes previously treated with extracts of tubercle 
bacilli has aroused considerable interest. In a 
brief period of time several clinical evaluations of 
the hemagglutination test have appeared in print 
(3, 4). As yet only one preliniinary report has 
appeared concerning its hemolytic modification 
(4). It is the purpose of the present paper to re- 
port our clinical experience with both tests during 
the past year. More than 1000 tests have been car- 
ried out in that period with sera obtained from 
well over 100 patients having active tuberculosis 
and a similar number of adults not having active 
tuberculosis. 


MATERIAL 


The tuberculous patients selected for this study were 
hospitalized either on the Tuberculosis Service of the 
Minneapolis Veterans Administration Hospital or at the 
Minneapolis General Hospital. Pulmonary tuberculosis 
was pr sominant, and in most cases the disease was ex- 
tensive. The diagnosis was proved in all cases roent- 
genologically and by isolation of M. tuberculosis from 
the sputum or gastric washings. A total of 151 patients 
having active pulmonary tuberculosis was studied; sev- 
eral of the patients had extra-pulmonary dissemination of 
their tuberculosis, but in most the pulmonary infection 
was predominant. The control group included 128 sub- 
jects having a negative chest roentgenogram. The group 
included college students, physicians, medical technicians, 
and a few patients having non-tuberculous diseases. All 
were tested for tuberculin sensitivity,? and 61 were found 


1 Sponsored by the Veterans Administration and pub- 
lished with the approval of the Chief Medial Director. 
The statements and conclusions published t- the authors 
are the result of their own study and do not necessarily 
reflect the opinion or policy of the Veterans Administra- 


positive while 67 were negative. Thirty-four of the latter 
group were entering freshmen students at the University 
of Minnesota. No individual was included who had re- 
ceived a Mantoux test during the previous three months in 
order to avoid antibody titers resulting from such anti- 
gens (5). 


METHODS 


Hemagglutinins. The method of Middlebrook and 
Dubos (1) was employed. Heterophile antibodies were 
absorbed from the heat-inactivated sera by the method 
of Middlebrook (2). Sheep cells were collected in modi- 
fied Alsever’s solution, and streptomycin (1000 units per 
ml.) was added as a preservative. Old tuberculin, 4X 
concentrated,? was used to sensitize the sheep cells as 
recommended by Scott and Smith (6). Sensitized sheep 
cells were added to serial twofold dilutions (1:4 through 
1: 256) of the absorbed sera. Appropriate controls were 
included. After incubation for two hours at 37° C., and 
overnight at room temperature, the degree of hemagglu- 
tination was recorded after resuspension. 

Hemolysins. The method of Middlebrook (2) was used 
and differed little from that given above. Fresh guinea 
pig serum diluted 1:3 and absorbed with sheep cells was 
used as the source of complement. After addition of tu- 
berculin-sensitized sheep erythrocytes and complement to 
the serially diluted patient’s serum, incubation was car- 
ried out at 37° C. for one hour. The degree of hemolysis 
was then recorded. 

Coombs Hemolysins. 


A sensitive hemolytic modifica- 
tion of the indirect Coombs test (7) was devised (4). 
Human (group O, Rh negative) erythrocytes were used 
in place of sheep cells in order that difficulties with 
heterophile antibodies might be avoided. Serial twofold 
dilutions of heat-inactivated iramune serum were pre- 


pared (1:2 through 1:128). To 0.1 ml. of each was 
added 0.1 ml. of a 2 per cent suspension of tuberculin- 
sensitized erythrocytes. After incubation for one hour 
at 37° C. the erythrocytes were thrown down by high 
speed centrifugation and carefully washed three times 
with ten volumes of buffered 0.8 per cent saline solution 
(pH 7.0). After resuspension to their original volume 
in saline, the erythrocytes were added to an equal volume 


tion. 
20.1 ml. of 1: 1000 dilution of old tuberculin intrader- 
mally. 


3 Lot no. 2725-2 obtained from Lederle Laboratories, 
Pearl River, N. Y., through the courtesy of Dr. H. D. 
Piersma. 


1542 


= 
Aa 
| 
4 3 
i 
5 
ae 
— 
— “| 
| 
‘ 
; 
a 
‘ 
7 
_ 
i 
| i i 
i 
: 
= 


HEMAGGLUTININS AND HEMOLYSINS IN TUBERCULOSIS 


of Coombs anti-human globulin rabbit serum‘ and in- 
cubated one hour at 37° C. Fresh guinea pig complement © 
(0.05 ml. 1:3 dilution) was then added and a final in- 
cubation carried out for one hour at 37° C. Control tubes 
were included in which Coombs serum was replaced by 
heat-inactivated, absorbed normal rabbit serum as well 
as a control tube in which unsensitized erythrocytes re- 
placed the tuberculin-treated human cells. Hemolysis 
was recorded immediately after the final incubation. 

“Blocking” antibodies. Two methods were used to de- 
tect the presence of “blocking” antibodies. In method 
No. 1 an equal quantity of the suspected blocking serum 
was added to serial twofold dilutions of an immune serum 
having a high antibody titer. Hemagglutinin and hemoly- 
sin tests were then performed in the usual manner. In 
method No. 2 the reverse procedure was carried out. 
That is, the amount of the immune serum was kept con- 
stant and the quantity of blocking serum varied. 


RESULTS 


The hemagglutinin antibody titers of 151 pa- 
tients having active pulmonary tuberculosis are 
shown in Table I, The median titer was 1: 8; only 


#Prepared by Ortho Pharmaceutical Corp., Raritan, 
N. J. 
5 Absorbed with human (group O, Rh negative) eryth- 
rocytes (2). 


TABLE I 
Anti-tuberculin hemagglutinins and hemolysins 


Control subjects 
Active pulmonary 
tuberculosis 
Antibody titer M 


x 


Hemagglutinins 
128 


RE 


a 


Total 


Hemolysins 
128 
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9.3 per cent had a titer greater than 1:32. In 128 
subjects having a negative chest roentgenogram 
the median hemagglutinin titer was less than 1: 4. 
There was no difference in the median titer of the 
control subjects having a positive Mantoux test 
as compared with those having a negative Mantoux 
test. There was no clinical evidence that any of 
these control subjects had active tuberculosis, yet 
several had a hemagglutinin titer of 1:8 or higher. 

The hemolysin antibody titers of the majority 
of these subjects were determined and are also 
presented in Table I. The median hemolysin titer 
of 115 patients having active pulmonary tubercu- 
losis was 1: 32 and in 112 control subjects having 
a negative chest roentgenogram was less than 1: 4. 
The presence of tuberculin hypersensitivity ap- 
peared to have no influence upon the median he- 
molysin titer of the control subjects. A consider- 
able number of the control subjects had a hemoly- 
sin titer of 1:32 or greater, particularly among 
those whose Mantoux test was positive. 

We have published elsewhere preliminary data 
concerning the simultaneous determination of he- 
magglutinin and hemolysin titers (4). In 68.7 
per cent of 103 patients having active pulmonary 
tuberculosis and 105 healthy control subjects, the 
two tests révealed antibody titers which did not 
differ by more than one dilution. In 29.3 per cent 
the hemolysin titer exceeded the other by more 
than one dilution, and in only 1.9 per cent was the 
hemagglutinin titer significantly greater than the 
hemolysin titer. Serial observations indicated that 
the latter phenomenon was usually only trans- 
ient, and complement titration proved that it was 
not due to the presence of an anti-complementary 
substance. 

All patients included in this study had active 
pulmonary tuberculosis. The extent of their pul- 
monary disease did not appear to influence their 
antibody titer. In a group of 127 patients tested 
for hemagglutinins, there were 13 with minimal, 
53 with moderately advanced, and 61 with far 
advanced pulmonary tuberculosis. The median 
hemagglutinin titer was 1:4 in the group having 
far advanced pulmonary tuberculosis, and 1:8 in 
each of the other two groups. Ina study of 103 of 
the same patients the hemolysin test yielded a 
median titer of 1:32 in each of the three groups. 

As can be seen in Table I, patients having ac- 
tive pulmonary tuberculosis frequently possessed 


? 
toux 
No. 
64 9 
32 21 
16 28 
8 22 
| <4 35 ba 
128 8 0 ; 
64 16 
32 20 4.8 
16 17 11.3 
8 15 11.3 
4 12 12.9 i 
<4 9 54.8* 
Total 115 at 
| | 
* Median. 
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TABLE II 


Anti-tuberculin Coombs hemolysins in patients having active 
pulmonary tuberculosis but negative Middlebrook tests (1, 2) 


Serum dilutions (reciprocal) 


16 | 32 | | 12s 


With Coombs anti-human globulin 
rabbit serum 


Normal 
Patients 


Normal 
Patients 


* Unsensitized sheep cell control. 
** 0 to 4+ = hemolysis after one hour at 37° C. 


little or no hemagglutinin in their serum and some- 
what less often lacked hemolysin as well. An ex- 
haustive search for “blocking” antibodies in such 
sera largely failed. In no instance were we able 
to disclose blocking of hemagglutinins, and the 
serum of only one patient inhibited the hemolytic 
activity of a potent immune serum (4). The ad- 
dition of bovine albumin or normal human serum 
in a final concentration of 15 per cent, moreover, 
did not increase the hemagglutinin or hemolysin 
activity of low titer sera obtained from patients 
having active pulmonary tuberculosis. 

The addition of Coombs anti-human globulin 
rabbit serum to sera containing little or no hemag- 
glutinin activity did not substantially increase the 
hemagglutinin titer of the latter. Coombs anti- 
human globulin rabbit serum, however, did dis- 
close hemolysins in high titer in almost all sera 
obtained from patients having active pulmonary 
tuberculosis even though the Middlebrook test was 
negative (Table II). Control tests using normal 
rabbit serum in place of Coombs serum were es- 
sentially negative and indicated that the hemolysis 
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was produced by specific human anti-tuberculin 
hemolytic antibody. 


DISCUSSION 


The technical aspects of the Middlebrook tests 
have been discussed elsewhere and need no, fur- 
ther emphasis (8). It should be noted, however, 
that the hemolytic test is quicker and much easier 
to read than the hemagglutination test. The data 
presented in Table I, moreover, indicate that the 
hemolytic test is a more sensitive and no less spe- 
cific test for anti-tuberculin antibody in human 
sera. 

As demonstrated in Table III, in our hands 
neither the hemagglutination nor the hemolysis 
test has shown as great sensitivity and specificity 
for active tuberculosis as that reported by Roth- 
bard, Dooneief, and Hite (3). It can be readily 
seen from the table that our results are essentially 
in agreement with the data given by most other in- 
vestigators who have used the hemagglutination 
test. The hemagglutination test is more likely to 
be positive in a titer of 1:8 or greater in the pres- 
ence of active pulmonary tuberculosis than in sub- 
jects whose chest roentgenogram reveals no evi- 
dence of tuberculosis. Yet in an individual pa- 
tient, the test cannot be relied upon by itself as an 
index of the extent or activity o* tuberculosis. In 
our studies the test was “negative” in 43.9 per 
cent of 151 patients whose pulmonary tuberculosis 
was active. Hemagglutinins and hemolysins were 
found more often in a significant titer ° in the se- 
rum of healthy adults whose tuberculin skin test 
was positive than in those who were not hyper- 
sensitive. Even a minimal sub-clinical pulmonary 
or extrapulmonary tuberculous lesion may suffice 
to provoke anti-tuberculin antibodies. In many 
the presence of these antibodies remains unex- 
plained. 

Middlebrook (2) came to the conclusion that hu- 
man anti-tuberculin hemagglutinin and hemolysin 
were not identical since their respective titers va- 
ried at random in a small group of immune sera. 
Our own data gathered from a large number of 
human sera revealed a close correlation between 
the two; the hemolysin titer frequently exceeded 
the hemagglutinin titer, but rarely was the hemag- 


6 A titer of 1:8 was taken to be significant for hemag- 
glutinins and 1: 32 for hemolysins. 
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HEMAGGLUTININS AND HEMOLYSINS IN TUBERCULOSIS 


TABLE III 
Summary of results of Middlebrook tests (1, 2) for anti-tuberculin antibodies in human tuberculosis 


Author and year 


Active pulmonary 
tuberculosis 


Control subjects:“ normal” adults 


+Mantoux 


Hemagglutinins 
Rothbard, Dooneief, and Hite (3) 
1950 
Smith and Scott (5) 
1950 
Gernez-Rieux and Taquet (9, 10) 


1949, 1950 
Sohier (11) 
1951 


Fleming, Runyon, and Cummings (12) 
1951 


McDearman (13) 
1951 

Kirby, Burnell, and O'Leary (14) 
1951 


—Mantoux 
No. of 1:8 or 1:8 or greoter 
subjects (%) (%) 


33° 0 


‘eater 


Total 


Hall and Manion 
1951 


Hemolysins 
Hall and Manion 
1951 


1:32 or 


11.9 74 
21.2 10.5 
1:32 or 1:32 or greater 


reater reater 


a (% 


53.9 


20.0 9.6 


*“Cured tbe.” ** “Normal” 


glutinin titer the greater by more than one dilution. 

Our data do not permit an evaluation of the ef- 
fect of tuberculous activity upon antibody titer 
since the disease was active in the great majority 
of our patients. The median antibody titer was 
not significantly influenced, however, by the extent 
of the pulmonary tuberculosis. In patients with 
far advanced pulmonary tuberculosis the median 
hemagglutinin titer was slightly less than in pa- 
tients whose pulmonary disease was less extensive. 
Sufficient sera from patients with predominantly 
extrapulmonary tuberculosis have not been tested 
to permit reliable conclusions. 

Hemagglutinins and hemolysins were frequently 
low in titer and occasionally absent in some pa- 
tients with active pulmonary tuberculosis. This 
was not due to the presence of “blocking” anti- 
bodies. Nor did such sera contain demonstrable 
anti-complementary substances. The addition of 
protein did not disclose greater antibody activity. 
The addition of Coombs anti-human globulin rabbit 
serum, however, did disclose anti-tuberculin he- 
molysin in almost all such sera in high titer 
(Table II). These sera apparently contained 
“incomplete” antibody which was capable of unit- 


ing with tuberculin adsorbed upon erythrocytes, 
yet was incapable of agglutinating the cells. Sera 
of this type also were not able to bind complement 
in the presence of tuberculin-sensitized erythro- 
cytes ; this probably accounts for their low hemoly- 
tic activity. Such sera did cause slow hemolysis 
without complement being bound (8). The 
slight hemolytic activity of these sera for tubercu- 
lin-sensitized erythrocytes was due to an “incom- 
plete” anti-tuberculin antibody. The latter was 
proved by means of a hemolytic modification of the 
indirect Coombs test (Table II). The lack of 
“blocking” activity by these sera was an unexpected 
finding. Despite its union with tuberculin, the 
antibody in these sera apparently did not block the 
receptors for “complete” anti-tuberculin antibody. 
We have likewise found with anti-Brucella sera 
that Coombs serum is a more sensitive indicator of 
“incomplete” antibody than are “blocking” tests 
(unpublished studies). 

The reason for the occurrence of “incomplete” 
antibodies in human tuberculosis has not been dis- 
closed. They have never been found in normal 
adults and have been associated particularly with 
chronic, far advanced, pulmonary tuberculosis. 
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A similar but somewhat different phenomenon 
has been produced by hyper-immunization of 
rabbits with tuberculin (4, 8). Anti-tuberculin 
antibodies appeared prompily after weekly intra- 
venous injection of large doses of tuberculin. Af- 
ter several weeks titers of anti-tuberculin anti- 
bodies declined gradually. Ultimately even 
Coombs hemolysins disappeared and did not reap- 
pear after further tuberculin immunization. The 
rabbits, however, remained capable of responding 
to other unrelated antigens (8). The disappear- 
ance of anti-tuberculin antibodies was not the re- 
sult of replacement by “incomplete” antibody. It 
appeared to be due to an immunologic “paralysis” 
similar to that reported by Felton (15) in mice 
immunized with large amounts of pneumococcus 
polysaccharide. Since human tuberculosis is usu- 
ally a very chronic infection, it is possible that ex- 
cess antigen liberated over a long period of time 
may contribute in a similar manner to the paucity 
of antibodies in some patients. 


SUMMARY AND CONCLUSIONS 


1. Hemagglutinins for tuberculin-sensitized 
sheep cells were found in a titer of 1:8 or greater 
in the serum of 56.1 per cent of 151 patients hav- 
ing active pulmonary tuberculosis, and in 21.2 per 
cent of 61 tuberculin-positive as well as 10.5 per 
cent of 67 tuberculin-negative healthy adults. 

2. Anti-tuberculin hemolysins were found in a 
titer of 1:32 or greater in the serum of 53.9 per 
cent of 115 of the same tuberculous patients, in 20 
per cent of 50 tuberculin-positive controls, and in 
9.6 per cent of 62 tuberculin-negative controls. 

3. Studies of 208 human sera revealed a close 
correlation between anti-tuberculin hemagglutinin 
and hemolysin titers. The hemolytic test was the 
more sensitive indicator of anti-tuberculin anti- 
body. 

4. Anti-tuberculin hemolysins were disclosed in 
the serum of nearly all patients having active pul- 
monary tuberculosis by a modification of the in- 
direct Coombs test even though the hemagglutina- 
tion and hemolysis tests of Middlebrook were 
negative. 

5. The Coombs hemolysin appeared to be an 
“incomplete” antibody incapable of agglutinating 
tuberculin-sensitized erythrocytes or of fixing 
complement yet able to unite with the tuberculin. 

6. With the antigens available none of these 
tests can be regarded as sufficiently reliable for 


WENDELL H. HALL AND ROBERT E. MANION 


widespread use in detecting the presence of active 
tuberculosis unless rigidly controlled by other ac- 
cepted diagnostic criteria. They cannot supplant 
allergic, bacteriologic, and radiologic methods in 
the diagnosis. 
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Effect on renal function in preg- 
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In evaluation of neurogenic control _ 


of hypertension, 925 
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resistance, 957 
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Blocking antibodies in tuberculosis, 
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and platelets to, 112 
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Diurnal variations in, 677 
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congenital adrenal hyperplasia, 
237 
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In shock, 683 
Response following intravenous 
ACTH, 667 
Erythrocytes 
Cholesterol, relation to serum 
cholesterol, 657 
Cholinesterase in ulcerative coli- 
tis, 662 
Peptidase activity in, 84 
Potassium of, in treated diabetic 
coma, 663 
Random destructive mechanism, 
1272 
Sensitized with tuberculin, 1542 
Sodium of, in treated diabetic 
coma, 663 
Water of, in treated diabetic 
coma, 663 
Ferrokinetics, 651, 1512 
Flow. See also various organs 
Digital, effect of venous and 
arterial occlusion and sympa- 
thetic nerve tone, 94 
Effect of hexamethonium, 786 
Effect of sympathetic block, 786 
In cerebrum, 671, 1527 
In cirrhosis, 630 
In muscle, 684 
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Glucose 
Desoxycorticosterone glucoside, 
effect on, 200 
Following stress in diabetes mel- 
litus, 818 
Stress, effect on, 809 
Hemagglutinins, in 
tuberculosis, 1542 
Hematocrit, in nephrosis, 1530 
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Measure of synthesis, with radio- 
iron, 667 
Hemolysins, in pulmonary tuber- 
culosis, 1542 
Hemolysis, mechanism in paroxys- 
mal cold hemoglobinuria, 11, 22 
Heparin, analysis of factors in- 
fluencing anticoagulant activity, 
647 
Idiopathic thrombocytopenic pur- 
pura, thrombocytopenic factor 
in, 646 
Ketone 
Determination, 1483 
Following stress in diabetes mel- 
litus, 818 
Kinetics of erythrocyte destruction, 
1272 
Leukocytes 
After streptokinase-streptodor- 
nase, 1171 
Biochemical studies on, 679 
Changes after intramuscular in- 
jection of epinephrine, 941 
Characterization of zinc protein 
oi, 656 
Effect of bacteria and products 
on, 659 
Effect of pyridoxine deficiency 
and cortisone in mice, 681 
Peptidase activity in, 84 
Role in Shwartzman phenom- 
enon, 676 
Level of adenine nucleotides, 525 
Life span of transfused human 
blood platelets, 649 
Lipids, separation of mixtures, 626 
Oxygen 
Content of arterial blood, 503 
Content of portal venous blood, 
674 
Dissociation curve, in vivo, 666 
Saturation, during acceleration, 
292 
Paroxysmal nocturnal hemoglobi- 
nuria; enzymatic nature of a 
factor in hemolysis, 646 
Pernicious anemia, hemolytic factor 
in, 1272 
Plasma 
Ac-globulin. See Blood, coagu- 
lation 
Albumin. See Biowd, serum, al- 
bumin 
Coagulase-reacting factor; reduc- 
tion following plasma conver- 
sion to serum, 677 
Electrophoretic studies in liver 
disease, 718, 729 
Factor V. See Blood, plasma, 
labile factor 
Fractionation; quantitative sep- 
aration and determination of 
protein components, 99 
Labile factor, consumption in 
various conditions, 252 
Peptidase activity in, 84 
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Potassium of, in treated diabetic 
coma, 663 

Proteins in toxemias of preg- 
nancy, 609 

Proteins, treponemal immobiliz- 
ing antibodies of, 659 

Prothrombin conversion, labile 
factor consumption in various 
conditions, 252 

Sodium of, in treated diabetic 
coma, 663 

Substitutes, dextran in shock, 682 

Volume changes after ACTH, 684 

Volume changes with quiet stand- 
ing, 63 

Volume, effect of increase on 
excretion of water and electro- 
lytes, 751 

Volume in congestive failure, 
1471 

Volume in nephrotic syndrome, 
227 

Volume of forearm, 684 

Water of, in treated diabetic 
coma, 663 

Platelets 

Effect on hemophilic blood, 77 

In relation to blood coagulation, 
112 

Life span of, 649 

Rate of destruction in thrombo- 
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Role in Shwartzman phenom- 

enon, 676 
Pressure 

Effect of raised airway pressure 
during anesthesia, 1243 

Hypotensive agents, 435 

Peripheral vascular hemody- 
namics in the bulbar conjunc- 
tiva, 539 

Pressure, high 

ACTH and cortisone during 
autonomic blockade in, 630 

Altered metabolic response prior 
to development of, 666 

Clotting time and viscosity of 
blood in, 672 

Dietary treatment of, 584 

Effect of subtotal adrenalectomy 
in, 633, 652 

Epinephrine in urine in, 641 

Evaluation of renal resistance 
in, 1143 

Hemodynamics of 
vessels in, 654 

Hydrazine compounds in, 672 

Neurogenic control in, 925 

Potassium deprivation in, 639 

Protoveratrine on circulation in, 
634, 651, 659 

Role of somatotrophic hormone 
in, 673 

Sulfhydryl compounds in, 672 

Sympathectomy, effect on he- 
patic flow in various positions 
in, 312 
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Therapy with sodium depletion, 
584 
Tilting, effect on cerebral circula- 
tion in, 793 
Upright posture, effect on hepatic 
blood flow in, 305 
Vasconstriction in, 660 
Pressure, low 
Cardiac output in postural hypo- 
tension, 401 
Cause in pregnant women during 
high spinal anesthesia, 916 
Following procaine amide intra- 
venously, 676 
Postural, cerebral blood flow in, 
664 
Treatment with artificial kidney, 
660 
Protein, determination in small 
amounts of human plasma, 99 
Proteolytic enzymes, in relation to 
blood coagulation, 112 
Prothrombin activity of human 
and dog blood, 903 
Red cell volume in congestive 
failure, 1471 
Reservoirs in man, 1441 
Serum 
Abnormal components, and Bence- 
Jones protein, 1125 
Albumin, in hypersensitivity re- 
actions and various arthritic 
states, 660 
Albumin, salt poor, in cirrhosis 
of liver, 1157 
Albumin, tagged with  radio- 
iodine for cardiac output, 666 
Albumin turnover in liver cirrho- 
sis, 1238 
Albumin turnover rate, 1228 
Bilirubin, crystallization and 
properties, 663 
Butanol-extractable iodine, 531 
Calcium, correction of bleeding 
with fractions of, 596 
Calcium, effect of oral calcium 
fructose diphosphate, 50 
Calcium, in plasma, 631 
Carbon dioxide, high, use of 
artificial respiration, 838 
Cholesterol metabolism in normals 
and in nephrotic syndrome, 657 
Chelesterol, position in quantity 
ultracentrifugation, 674, 1071 
Cholesterol, relation to protein- 
bound iodine, 869 
Cholinesterase, in 
colitis, 662 
Citric acid levels, effect of 
calcium fructose diphosphate, 
50 
C-reactive protein measurement, 
616 
Creatine tolerance, in normals 
and hyperthyroidism, 799 
Electrolytes, during mercurial 
diuresis, 1089 
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Electrolytes, low, and edema, 681 

Electrophoretic patterns in Bence- 
Jones proteinemia, 1125 

Electrophoretic patterns in sickle 
cell trait, 1120 

Electrophoretic studies in liver 
disease, 718, 729 

Enzyme inhibitors in cancer 
therapy, 547 

Estimation of gamma globulin 
by immunologic and_ elec- 
trophoretic methods, 652 

Gamma globulin, in tuberculosis, 
445 

Hyperglobulinemia in young wo- 
men with liver disease, 654 

Inorganic phosphate, effect of 
oral calcium fructose diphos- 
phate, 50 

Labile factor consumption in 
various conditions, 252 

Lipids in pregnancy, 388 

Lipids, ultracentrifugal distribu- 
tion, 674, 1071 

Lipoproteins, relation to strep- 
tolysin S inhibitor, 677 

Neutral fat, position in ultra- 
centrifugation, 674, 1071 

Organic phosphate, effect of oral 
calcium fructose diphosphate, 
50 

Phospholipids, position in 
quantity _ultracentrifugation, 
674, 107i 

Phospholipids, relation to strep- 
tolysin S inhibitor, 677 

Potassium, low, effect on hyper- 
tension, 639 

Precipitable iodine. See also 
Serum, protein-bound iodine 

Precipitable iodine and serum 
creatine tolerance, 799 

Precipitable iodine in liver 
disease, 874 

Precipitable iodine in pregnancy, 
137, 151, 388 

Protein-bound iodine. See also 
Blood, serum, precipitable 
iodine 

Protein-bound iodine, clinical 
determination of, 55 

Protein-bound iodine, normal 
values, 55, 869 

Protein-bound iodine, radioactive, 
determinations of, 1 

Proteins, abnormal, in multiple 
myeloma, 669 

Proteins, sulfhydryl content of, 
in disease, 672 

Proteins, treponemal immobiliz- 
ing antibodies of, 659 

Proteins, ultracentrifugal distri- 
bution of, 1071 

Prothrombin and trypsin in- 
hibitor, 1298 

Sodium, low, and edema, 681 
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Sodium, low, in cirrhosis after 
paracentesis, 738 
Sodium, low, significance in con- 
gestive heart failure, 675 
Sulfhydryl groups associated with 
disease, 762 
Sickle cell anemia, relation of 
sulfhydryl metabolism and effects 
of ACTH, 652 
Survival of transfused erythrocytes, 
interpretation of curves, 1272 
Thrombocytopenia, studies with 
ACTH and cortisone, 638 
Thromboplastin, infusions of, on 
heparin tolerance, 948 
Transfusion, 1272 
Trapped in congested limbs, 435 
Venous congestion, 435 
Vessels 
Damage in Shwartzman phenom- 
enon, 676 
In bulbar conjunctiva, 539 
Pulmonary arteriolar resistance, 
517 
Viscosity, relation to clotting time, 
672 
Blood, Volume 
And pulmonary arterial pressure, 
345 
Determination 
With carbon monoxide, 1441 
With radioiron, 1512 
With T-1824, 435, 1441 
In arteriovenous fistula, 220 
In serum sickness, 360 
In trichinosis, 575 
Of congested limbs, 1441 
Relationship to venous pressure, 
1471 
Body 
Chloride, changes after ACTH, 684 
Surface counting rates for radioiron, 
1512 
Water 
Changes after ACTH, 684 
Effect of cortisone and ACTH on, 
655 
Effect of sodium depletion and 
repletion on, 664 
Studies with deuterium oxide, 637 
Bone Marrow 
Action of vitamin Biz and folic 
acid upon, 31 
Measure of damage to, with 
radioiron, 667 
Brain 
Blood flow 
Effect of ACTH on, 671, 1527 
Effect of bilateral stellectomy 
on, 90 
Effect of desoxycorticosterone 
glucoside on, 200 
Effect of postural changes on, 664 
Effect of tilting on, in hyper- 
tension, 793 
Following papaverine and pro- 
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In emphysema, 665 
Maintenance factors during 
gravitational stress, 292 
Metabolism 
Effect of ACTH on, 671, 1527 
Effect of desoxycorticosterone 
glucoside on, 200 
In emphysema, 665 
Bromsulphalein 
Entero-hepatic circulation of, 658 
Retention, in shock, 683 
Bronchospirometry, 639 
Brucellosis 
Cortisone in, 626 
Burns 
Anemia of, 181 
Liver function in, 191 
Pathogenesis of acute renal failure 
following, 1307 
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Calcium Fructose Diphosphate 
Effect on serum organic and in- 
organic phosphate, calcium, 
protein and citric acid levels, 50 
Cancer. See also organs; Carcinoma; 
Tumor 
Effect of chemotherapy on sensi- 
tivity of serum enzyme inhibitors 
in, 547 
Carbon Tetrachloride 
Pathogenesis of acute renal failure 
following, 1307, 1317, 1338 
Carboxylic Cation Exchange Resins 
Acidifying and non-acidifying, with 
and without ACTH and cortisone, 
1009 
Biochemical changes of exchanger 
in hydrogen, ammonium, sodium, 
potassium or calcium form, 995 
Clinical utility, 1027 
Introduction to studies, 979 
Studies in dogs, 984 
Therapy in nephrotic children, 1018 
Carcinoma. See also Cancer 
Of prostate, effect of progesterone, 


Sulfhydry] content of serum proteins, 
672 
Cardiac Arrhythmias 
Use of procaine amide, 676 
Cardiac Function 
Effect of khellin, 1046 
Cardiac Output. See Heart, output 
Cartilage 
Fractionation of chondroitin sulfate, 
673 
Cerebral. See also Brain 
Vascular resistance and ACTH, 
1527 
Cerebrospinal Fluid 
Polysaccharides in meningitis, 582 
Children 
Adrenocortical control of sodium 
and potassium, 318 
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Chleramphenicol 
Antityphoidal effect compared with 
aureomycin, 682 
Treatment of leptospirosis, 683 
Chloride Excretion 
During mercurial diuresis, 1089 
In mercurial and ammonium chlor- 
ide diuresis, 1105 
Cholesterol 
Diets to reduce blood levels of, 649 
Choline 
Urinary excretion of its metab- 
olites, 463 
Chondroitin Sulfate 
Separation of crystalline 
amorphous forms, 673 
Cirrhosis. See Liver 
Citrovorum Factor 
In leukemia, 631 
Clinical Investigation 
Inquiry into meaning of, 623 { 
Clotting. See Blood, clotting and 
coagulation 
Coarctation of Aorta 
Vasoconstriction in, 660 
Colchicine 
Effect on uric acid pool 
turnover rate, 879 
Collapse 
Produced by venous congestion of | 
the extremities or by venesection 
following certain hypotensive 
agents, 435 
Complement 
Role in Donath-Landsteiner reac- 
tion, 11 
Congestive Heart Failure. See Hearv, « 
failure 
Connective Tissue 
Effect of cortisone on, 636 
Coomb’s Test 
In leukemia and lymphoma, 668 
Coronary Occlusion and Narrowing. 
See also Heart 
Oxygen therapy and electrocardio- 
grams in dogs, 670 
Corticoids. See Adrenals 
Cortisone. See Adrenal 
Preparations 
Cozymase, 628 
Creatinine Clearance 
Following cortisone, 668 
Creatinine Clearance, Endogenous 
Effect of protein consumption on, 
206 
Relation to inulin clearance, 661 
Crushing Injury 
Pathogenesis of acute renal failure 
following, 1307 
Cushing’s Syndrome. 
Pituitary 
P-R interval in, 658 
Cyclopropane 
Circulatory effects of raised airway 
pressure during anesthesia, 1243 


and 


and 


Cortical 


See also 
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Cysteine 
In prevention of leukopenia follow- 
ing nitrogen mustard, 681 
Cystinuria 
Sulfhydryl content of serum pro- 
teins in, 672 


D 
Delirium 
Mechanism in pernicious anemia, 
669 
Desoxycorticosterone Acetate. See 
Adrenal Cortical Preparations 
Detergent 
Effect on streptolysin S inhibitor 
and phospholipids, 677 
Deuterium Oxide, 637 
Dextran 
Effect of intravenous administra- 
tion, 897 
In shock, 682 
Diabetes Insipidus 
Mechanism of polyuria, 282 
Diabetes Mellitus 
Diuresis and stress in, 818 
Effect on maximum capacity of 
renal tubules to reabsorb glucose, 
125 
Effect on metabolism of heart 
muscle, 642 
Insulin resistance and fat metab- 


- ~ ~ olism in, 1491 


Variations in blood glucose in, 649 
Dialysis 
With artificial kidney, 
response following, 660 
Dicumarol 
Labile factor in serum, 252 
Reversa! of effect with intravenous 
vitamin K,, 680 
Diet 
Therapy of hypertension, 584 
To reduce human serum cholesterol, 
649 
Di-Ethylene Glycol 
Pathogenesis of acute renal failure 
following, 1307, 1322, 1339 
Digestion 
Effect on portal venous oxygen 
content, 674 
Digits 
Causes of vasoconstriction in, 660 
Digoxin 
In congestive failure, 1250 
Dihydroergocornine 
Effect on arterial pressure, 435 
Diphenylamine 
Purple color reaction in rheumatic 
fever, 781 
Diuresis. See also Kidney 
ACTH, effect in nephrosis, 661, 
1530 
In nephrosis, study of sweat during, 
680 
In stressful situations, 809 
Mercurial 
Diuretics, site of action, 1262 


pressor 


Electrolyte equilibrium during, 
1089 
Excretion by kidney, 1221 
Potentiation by ammonium 
chloride, 1105 
Nocturnal, in heart and 
disease, 642, 1191 
Of stress in diabetes mellitus, 818 
With recumbency and intravenous 
isotonic saline, 862 
Diurnal Variations 
Of creatinine clearance, 206 
Of eosinophil count, 677 
Of water and sodium in heart and 
liver diseases, 642, 1191 
Donath-Landsteiner Reaction 
Role of complement and its com- 
ponents in, 11 


liver 


E 
Eclampsia 
Pathogenesis of acute renal failure 
following, 1307 
Edema 
Mechanism with low serum electro- 
lytes, 681 
Studies in, 1287 
Treatment with hypertonic glucose 
solutions, 1111 
Eisenmenger’s Complex, 641 
Electrocardiogram. See also Heart 
Effect of oxygen following coronary 
occlusion in dogs, 670 
Electroencephalogram 
In pernicious anemia, 669 
Electrolytes 
And carboxylic cation exchange 
resins, 979, 984, 995, 1009, 1018, 
1027 
Diurnal variations in excretion in 
heart and liver disease, 642, 1191 
During mercurial diuresis, 1089 
Effect of cortisone and ACTH on, 
665 
Effect of exogenous and endogenous 
antidiuretic hormone on, 1055 
Effect of Pitressin on, 663 
Excretion 
Effect of adrenalin on, 908, 1503 
Effect of chronic administration 
of medullary hormones on, 908 
Following cortisone, 668 
In liver disease with Pitressin, 
1287 
In pregnancy with high spinal 
anesthesia, 916 
With increased plasma volume, 


Following hypertonic glucose in 
edematous patients, 1111 
In ACTH-treated nephrosis, 661 
In cirrhosis of liver, 1157 
Intracellular cation exchanges 
In acidosis, 381 
In alkalosis, 369 


Intravenous digoxin effects in 
congestive failure, 1250 
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Loss from body after cortisone and 
ACTH, 637 

Metabolism in acute glomerulo- 
nephritis, 421 

Potassium accumulation in tissue 
slices, 662 

Renal ammonia and_ titratable 
acidity production in acidosis, 
1262 

Sodium space in congestive failure, 
1471 

Electrophoresis 
Comparison 


with immunologic 


method of estimating gamma 
globulin, 652 
Electrophoretic Patterns 
Effect of intravenous albumin, 660 
See Lungs, emphysema 


Emphysema. 
Enzymes 
Proteolytic, relation to blood coag- 
ulation, 112 
Eosinopenia 
Due to adrenal cortex, 629 
Eosinophils. See Blood, eosinophils 
Epinephrine. See Adrenal Medullary 
Preparations 
Esophagus 
Studies of intraluminal pressures in 
swallowing, 653 
Estrogens 
Inactivation by liver slices, 678 
Exercise 
Respiratory regulation during, in 
unconditioned subjects, 503 
Extracellular Fluid. See also Electro- 
lytes 
Measurement by sucrose, 1463 
Extracellular Volume 
Effect of increase on water excre- 
tion, 862 
Extremity, Lower 
Effect of pressure on vascular 
volume of, 657 
Eye 
Peripheral vascular hemodynamics 
in the bulbar conjunctiva, 539 
Thyroid tumor transplanted to an- 
terior chamber of, 636 


F 


Fat Metabolism, 1483, 1486, 1491 
Ferrokinetics, 651, 1512 
Fibrinolysin 

Relation to blood coagulation, 112 
Fick Principle 

Use without gas analysis, 
Fiavonoid Compound 

Biological activity, 395 
Folic Acid 

Effect of instillations into bone 

marrow, 31 

X-methyl in leukemia, 631 
Food 

Effect on eosinophil test, 677 
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G 


Genetic Mechanisms 
In familial periodic paralysis, 492 
In sickle cell trait, 1120 
Glomerular Filtration Rate. 
Kidney, function 
Effect of protoveratrine on, 659 
Relation of allantoin and creatinine 
to, 661 
Glomerular Permeability 
Effect of hemoglobin on, 1041 
Glomerulonephritis 
Effect of ACTH and cortisone in, 
658 
Sulfhydryl content of serum pro- 
teins in, 672 
Glucose 
Hypertonic, and,edema, 1111 
Reabsorption by kidney, effect of 
insulin and diabetes mellitus, 125 
Utilization by brain, following 
ACTH, 671 
Glucuronic Acid 
In cancer of the breast, 685 
Metabolism of, 685 
Method for determination, 685 
Tolerance curves in human beings, 
685 
Glycine 
Radioactive, metabolism in man, 73 
Glycogen 
In amyotonia congenita, 679 
Gonads. See also Testis 
Testosterone propionate and fat 
metabolism, 1486, 1491 
Gout 
Effect of albumin in, 660 
Effect of Benemid in, 889 
Uric acid pool size and turnover 
rate in, 879 
Gravity 
Effect of increase on cerebral 
circulation, 292 
Guanazolo 
In acute leukemia, 547 


See also 


H 
Heart 
Arrhythmias, use of procaine amide, 
676 
Beriberi heart disease, acute effects 
of thiamine on, 654 
Blood volume in congestive failure, 
1471 
Circulation, effect of increased 
airway pressure during anesthesia, 
1243 
Disease 
Clotting time and viscosity of 
blood in, 672 
Use of quinidine in, 675 
Dynamics of Eisenmenger’s com- 
plex, 641 
Failure 
High output in beriberi, 632 
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Nocturnal diuresis of water and 
sodium in, 642, 1191 
Pulmonary hemodynamics in, 680 
Significance of hyponatremia in, 
675 
Function, effect of khellin on, 1046 
Hemodynamic effects of conversion 
of atrial fibrillation to normal 
sinus rhythm, 647 
Hypoxia as a respiratory stimulant 
in cardiac dyspnea, 648 
Intravenous digoxin in congestive 
failure, 1250 
Metabolism and initial fiber length, 
630 
Mitral stenosis 
Effect of valvuloplasty in, 643 
Pulmonary hemodynamics in, 
680 
Relation of valve area to clinical 
status in, 656 
Motion of the 
cardiac cycle, 971 
Muscle 
Biochemistry of, 671 
Effect of mild diabetes and 
insulin on, 642 
Output, 517 
By Fick principle without gas 
analysis, 645 
By radioactive albumin, 666 
By T-1824, 897 
Effect of dextran on, 897 
Effect of occlusion of arterio- 
venous fistula on, 215 
Following dialysis, 660 
In arteriovenous fistulas, 210 
In atrial fibrillation and normal 
sinus rhythm, 653 
In infarction, 640 
In postural hypotension, 401 
Physiology, effects of reflex vagal 
stimulation, 656 
Rate, in arteriovenous fistula, 215 
Stroke volume, in arteriovenous 
fistula, 215 
Studies of coronary disease with 
polarograph, 932 
Hemodialysis 
Kinetics in artificial kidney, 683, 
1062 
Hemoglobin. See also Blood 
Effect on renal function, 1033 
Renal excretion of, 1041 
Hemoglobinuria, Paroxysmal, Cold 
Pathogenesis of acute renal failure 
following, 1307, 1326 
Hemolysis 
In burns, 181 
Hemolytic Factor 
In anemia of lymphatic leukemia, 
130, 1272 
Hemophilia 
Effect of platelet extract on blood 
of, 77 
Labile factor in serum of, 252 
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Hepatic Blood Flow. See 
blood flow 
Hepatitis 
C-reactive protein in, 616 
Serum precipitable iodine in, 874 
Hexamethonium 
Effect on arterial pressure, 435 
Effect on blood flow in the foot, 786 
Histamine 
Of leukocytes, 679 
Hydrazine Compounds 
Effect on hypertension, 672 
Hypersensitivity Reactions 
Effect of albumin on, 660 
Hypertension. See Blood, pressure, 
high 
Hyperthyroidism. See Thyroid Gland, 
hyperthyroidism 
Hyperuricemia 
Effect of Benemid cn, 889 
Uric acid pool size and turnover 
rate, 879 
Hypervolemia 
Pulmonary hemodynamics in, 680 
Hypoferremia, Acute 
And relationship of the adrenal 
cortex to, 161 
Hypopotassemia. See also Blood, 
serum, potassium; Electrolytes 
Periodic paralysis without, 492 
Hypoprothrombinemia. See also 
Blood, plasma 
Effect of intravenous vitamin K, 
on, 680 
Hypotension. 
low 


Liver, 


See Blood, pressure, 


I 
Immunization 
In serum typhus, 656 
Immunochemical Tests 
Of tagged albumin, 1228 
Immunology 
Of trichinosis, 575 
Inagglutinable Erythrocyte Counts, 
1272 
Infancy 
Adrenocortical control of sodium 
and potassium, 318 
Infection. See also Bacteria; Anti- 
biotics 
Effect on adenylic acid, 525 
Hypoferremia in dogs and relation- 
ship of adrenal cortex, 161 
Role in radiation syndrome, 651 
Inflammation 
Produced by chemical 
1507 
Influenza Virus 
Inhibitor from sputum, 668 
Vaccine, enhancement with ad- 
juvant, 669 
Inheritance 
Of periodic paralysis, 492 
Injury, Thermal 
Anemia of, 181, 191 


irritants, 
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Insulin. See Pancreatic Preparations; - 


Diabetes Mellitus 
Effect on maximum capacity of 
renal tubules to reabsorb glucose, 
125 
Intracellular Water in Man, 1469 
Iron 
Ferrokinetics, 651, 1512 
Irradiation 
Damage to bone marrow, 667 


Neural mechanisms in, 37 


J 


Jaundice, Obstructive 
Serum precipitable iodine in, 874 


K 


' Ketones in Whole Blood, 1483 


Ketonuria 
And steroid compounds, 1491 
Fasting-induced, 1491 
Khellin 
Effect on cardiopulmonary function 
in chronic pulmonary disease, 
1046 


' Kidney 


Acute renal failure, pathogenesis, 
1307 
Adrenalin on renal function and 
electrolyte excretion, 1503 
Afferent arteriolar resistance, cal- 
culation, 1143 
Antidiuretic mechanism not reg- 
ulated by extracellular fluid 
tonicity, 654 
Artificial 
Kinetics of hemodialysis, 683, 
1062 
Pressor effect of, 660 
Binding, of mercurial 
1221 
Clearance of radioiodine, 778 
Cortical necrosis, in rabbits and 
hamsters caused by cortisone and 
bacterial toxins, 678 
Degenerative glomerulonephritis, 
nocturnal diuresis, 642 
Effect of toxins, trauma, ischemia 
and shock, 1307 
Efferent arteriolar resistances, cal- 
culations, 1143 
Electrolyte metabolism in nephritis, 
421 
Excretion 
Adrenocortical control in new- 
born, 318 
Of electrolytes influenced by 
chronic administration of 
adrenal medullary hormones, 
908 
Function 
ACTH and cortisone effects in 
nephrosis, 658 
ACTH-induced changes in ne- 
phrosis, 227, 661 


diuretics, 


Allantoin and creatinine clear- 
ances, relationship to filtration 
rate, 661 

Creatinine clearance and protein 
consumption, 206 

Effects of antidiuretic hormone 
on, 1055 

Effect of Benemid on, 889 

Following dialysis, 660 

Following intravenous 
bicarbonate, 674 

Glomerular permeability and 
tubular recovery values for 
hemoglobin, 1041 

Hemoglobin, effect on, 1033 

In cirrhosis with ascites, 1200 

In diabetes insipidus, 282 

In severe osteomalacia, 679 

Mercurial diuresis, effect on 
electrolytes, 1089 

Nocturnal diuresis in heart and 
liver disease, 1191 

Potassium: excretion following 
acute renal injury, 1082 

Potentiation of mercurial diuresis 
by ammonium chloride, 1105 

Protoveratrine, action on, 659 

Quiet standing, effect on glomeru- 
lar filtration, 63 

Renal function and aging, 457 

Renal function in nephrotic syn- 
drome, 471 

Renal resistance, calculation of, 
1143 

Sodium depletion and repletion, 
effects on, 664 

Urinary excretion of mercury, 
1208, 1221 

Urinary excretion of protein in 
normals, 853 

Water diuresis produced by re- 
cumbency and _ intravenous 
isotonic saline, 862 

Glomerular filtration rate, changes 

with quiet standing, 63 

Hemodynamics after subtotal ad- 
renalectomy, 633 
Insufficiency. See also Uremia 

Acute, 1307 

Intracellular cation exchanges in 
acidosis due to, 381 

Tubular excretion of potassium 
during recovery from, 1082 

Intravenous digoxin in congestive 

failure, effects on, 1250 

Ischemia, effect on dog kidney, 1328 

Lower nephron nephrosis. See 
Kidney, insufficiency, acute 

Mercurial diuretics, effects on 
urinary ammonia and titratable 

acidity, 1262 

Nephrosis in children, effect of 

ACTH on, 471 

Oxygen consumption in man, 745 
Peritoneal lavage, effect on hemo- 
dynamics of dogs without kidneys, 

644 
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Pyrogens, effects on renal hemo- 
dynamics, 457 

Resista: evaluation in normals 
and hv pertensives, 1143 

Response to sodium chloride, 1456 

Role in intermediary metabolism, 
634 

Treatment of nephrosis 
With ACTH, 1530 
With cation resins, 1018 

Tubules, effect of diabetes and 
insulin on glucose reabsorption 
by, 125 

Kinetics 

Iron in normal persons, 651, 1512 

Of erythrocyte destruction in hu- 
man beings, 1272 


L 


Tuberculosis of, 445 
Lead Poisoning, 1272 
Leg 
Effect of pressure on vascular 
volume of, 657 
Leptospira Pomona Infection 
Meningitis in, epidemiology of, 670 
Leptospiremia 
Duration after antibiotic therapy, 
683 
Leptospirosis 
Treatment with antibiotics, 683 
Leukemia. See also Blood 
Amethopterin, citrovorum factor, 
and folic acid in, 631 
Hemolytic factor in anemia of, 130 
Mechanism of anemia in, 668, 1272 
Monocytic and fat metabolism, 
effects of steroid compounds, 
1491 
Serum creatine tolerance in, 799 
Studies on leukocytes of, 679 
Uric acid pool and turnover rate 
in, 879 
Leukopenia 
Prevention _ following 
mustard, 681 
Lipids 
In nephrosis, 637 
Of serum in pregnancy, 388 
Lipiodol 
Effect on alveolar gas exchange, 338 
Liver. See also Hepatitis 
Blood - 
And bromsulphalein dosage, 658 
Effect of upright posture in 
normals and hypertensive sub- 
jects on, 305 
In hypertensives after sympa- 
thectomy, in various positions, 
312 
Capacity to produce antibody and 
effect of ACTH and cortisone, 
647 
Cirrhosis 
Absorption studies from portal 
veins in, 263 


nitrogen 
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Ascites, kidney function in, 1200 
Blood flow in, 630 
Electrolyte and fluid balance in, 
1157 
Hyponatremia in, 738 
Nocturnal diuresis of water and 
sodium in, 642, 1191 
Portal venous oxygen content in, 
674 
Renal effects of Pitressin in, 657, 
663, 1287 
Serum precipitable iodine in, 874 
Sulfhydryl content of serum 
proteins in, 672 
Turnover of albumin in, 1238 
Disease 
Effect of intravenous vitamin 
K, in, 680 
Effect of Pitressin on the renal 
excretion of water and electro- 
lytes in, 657, 663, 1287 
Electrophoretic studies in, 718, 
729 
Hypergammaglobulinemia in 
young women with, 654 
Serum precipitable iodine in, 874 
Urinary excretion of choline 
metabolites in, 463 
Function 
After streptokinase-streptodor- 
nase, 1171 
In burns, 191 
Inactivation of estrogen in vitro, 
by liver slices, 678 
Portal venous pressure, estimation 
of, 662 
Lungs 
Airflow, mechanics in health and in 
emphysema, 1175 
Ambient air and residual volume 
determination, 639 
Anoxia and human _ pulmonary 
vascular resistance, 957 
Circulation 
In health and disease, 680 
Pulmonary pressures in pericard- 
ial tamponade, 661 
Circulatory effects of raised airway 
pressure during cyclopropane 
anesthesia in man, 1243 
Disease and hemodynamics, 680 
Effect of intravenous dextran on 
pulmonary pressure, 897 
Effect of lipiodol on alveolar gas 
exchange, 338 
Effect of saline infusion on pulmon- 
ary arterial and pulmonary 
capillary pressure, 345 
Emphysema 
Cerebral circulation and metab- 
olism in, 665 
Mechanism of, 1175 
Use of artificial respiration in, 838 
Excretion, of radioactive carbon, 73 
Function 
Abnormal, use of respirator in 
emphysema, 838 


Effect of khellin on, 1046 
Effect of lipiodol on, 338 
In health and emphysema, 1175 
In sarcoidosis, 848 

Hypertension, pulmonary, 680 

Hypoxia as a respiratory stimulant, 
648 

Pulmonary arteriolar resistance and 
anoxia, 957 

Pulmonary circulation and epine- 
phrine, 707 

Pulmonary pressure 
Artery, 517 
Capillary, 345 
Measurement of, 635 

Respiratory regulation during exer- 
cise in unconditioned subjects, 
503 

Sensitization of erythrocytes with 
tuberculin in pulmonary tuber- 
culosis, 1542 

Tuberculosis and ACTH, 445 

Ventilation, 503 

Virus pneumonia, 640 

Lupus Erythematosus 
Hemolytic anemia as presenting 
symptom in, 636 
Lymphoma, Malignant. See 

Leukemia 

Mechanism of aixemia in, 668 


also 


M 
Magnesium 
In plasma, 631 
Malaria 
Blackwater fever, pathogenesis of 
acute rena! “ure following, 1307 
Media 
ween-albumin, 445 
Meningitis 
Leptospirai due to 
pomona, 670 
Polysaccharides of spina! fluid in, 
582 


Leptospira 


Mental Status 
Examinations, in pernicious anemia, 
669 
Mercurial Diuretics 
Effect on edema in liver cirrhosis, 
1157 
Effect on 
titratable 
1262 
Excretion of Hg with, 1208 
Hyponatremia from, 657 
Mercuric Chloride 
Pathogenesis of acute renal failure 
due to, 1307, 1314, 1337 
Metabolic Rate, Basai 
Relation to protein-bound iodine, 
869 
Metabolism. See also specific organ, 
tissue, substance 
Calcium fructose diphosphate, 50 
Comparison of effects of Compounds 
A, E, F and S acetate on, 665 
Effect of ACTH on brain, 671, 1527 


ammonia and 
production, 


renal 
acidity 
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Effect of testosterone propionate 
on, 1486 

Fasting-induced ketonuria, 1491 

Fat, effect of steroid compounds on, 
149i 

Fat, in a patient with diabetes and 
thyrotoxicosis, 1486 

Glucuronic acid, 685 

Glycine, in rheumatoid arthritis, 
655 

Intermediary, role of kidney in, 634 

Intracellular cation exchanges in 
alkalosis, 369 

Of failing heart muscle, 630 

Of radioactive carbon labelled ace- 
tate and glycine, 648 

Serum albumin turnover rate, 1228 

Serum albumin turnover rate in 
cirrhosis, 1238 

Methods. See also Radioisotopes 

ACTH, intravenous, test for adren- 
ocortical function, 667 

Adenine, estimation of total, 525 

Adenosine diphosphate, estimation, 
525 

Adenosine triphosphate, estimation, 
525 


Antibodies, quantitative determin- ) 


ation, 1451 

Antibody nitrogen, precipitable, 
1451 

Arterial pressure, 435 

Ashby counts, 1272 

Bacteria artificially localized in 
vivo, 682 

Ballistocardiograph and motion of 
thorax, 971 

Bilirubin, “direct’’ and “indirect, 
crystallization, 663 

Blood destruction in vivo, evalua- 
tion, 668, 1272 

Blood flow and fluid compartments 
in skeletal muscle, measurement, 
684 

Blood fractionation with treponemal 
immobilizing antibodies, 659 

Blood vessels in bulbar conjunctiva, 
examination of, 539 

Blood volume 
By carbon monoxide, 1441 
With T-1824, 435, 575, 1441 

Calcium and magnesium in plasma, 
determination of traces, 631 

Calcium fructose diphosphate, 
metabolism, 50 

Cardiac output 
Continuous recording system for, 

666 

T-1824 method for, 897 

Choline metabolites, determination 
of, 463 

C-reactive protein, 616 

Digital biood flow, 94 

Diphenylamine reagent, and purple 
color reaction, 781 

Electrophoresis 
Of plasma proteins, 609 
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Of serum and plasma, 718, 729 
Estrogens in presence of biological 
material, colorimetric determina- 
tion of, 678 
Extracellular fluid in man, sucrose 
for measurement, 1463 
Flame photometer 
Beckman, 1491 
Perkin Elmer, 1503 
Glucuronic acid, 685 
Hemolysin titration, 11 
Heparin tolerance, 948 
Inagglutinable erythrocyte counts, 
1272 
Inflammation, quantitative deter- 
mination of, 1507 
Intracardiac and 
temperatures, 353 
Intracellular water, antipyrine and 
sucrose for measurement of, 1469 
Iodine, butanol-extractable, 531 
Irradiation damage to bone marrow 
with radioiron, measurement, 667 
Ketone bodies in biological fluids, 
colorimetric determination, 1483 
Kidney function 
And mercurial diuretics, 1262 
In congestive failure after intra- 
venous digoxin, 1250 
Kidney resistances, calculation, 


intravascular 


- ~~ 1143 


Lipid mixtures, separation, 626 

L-thyroxine, measurement of, 659 

Middlebrook test in tuberculosis, 
1542 

Muscle cell membranes, transfer 
rates across, 684 

Nephron dissection, mounting and 
staining, 1309 

Non-endocrine factors responsible 
for composition of sweat, 325 

Oximetric and _pressure-recording 
techniques for cerebral circulation 
changes, continuous, 664 

Oxygen 
Availability with platinum elec- 

trodes, determination of, 670 

Dissociation curve, in vivo, 666 

Pitressin assay, 1287 

Plasma, quantitative separation of 
small amounts, 99 

Platelet extract, preparation, 77 

Pleural pressure and rate of air 
flow, continuous record, 1175 

Pneumococcus polysaccharide, 582 

Portal venous pressure, estimation 
of, 662 

Potassium accumulation in tissue 
slices, measurement, 662 

Protein-bound iodine determina- 
tion, 55 

Protein components of small 
amounts of human plasma, deter- 
mination, 99 

Protein from electrophoretic cell, 
collection of, 853 

Prothrombin, 596 


Prothrombin consumption, 903 

Pulmonary blood volume by T-1824, 
345 

Pulmonary capillary pressures, 957 

Pulmonary excretion of radioactive 
carbon, 73 

Pulmonary pressure, measurement, 
635 


Pyrogen test, standardized, 457 
Rabbit ear chamber to observe 
connective tissue reactions, 636 

Radioiodine 
Extrarenal clearance of, 778 
Protein-bound, determination, 1 
Uptake and “‘accumulation grad- 

ient,”’ correlation of, 301 

Radioiron, vial counter for, 1512 

Radioisotope, determination of body 
sodium, 584 

Scintillation counters, 1512 

Serum, labile factor, determination, 
252 

Sodium in body by isotopic dilution, 
558, 566 

Sulfhydryl content of serum pro- 
teins, determination of, 672 

Sulfhydryl groups in serum, deter- 
mination, 762 

Thyroid hormone release by radio- 
iodine, measurement of, 675 

Thyroid metabolic rate, 659 

Total body water, antipyrine for 
measurement of, 1469 

Trypsin inhibitor on biood clotting, 
effect of, 1298 

Turnover rate of tagged albumin, 
1228 

Ultracentrifugation, quantity, 674, 
1071 

Urinary osmotic loading with man- 
nitol, 282 

Urinary proteins by ultrafiltration, 
concentration of, 853 

Visceral pain threshold in man, 
quantitative determination, 406 


Middlebrook Test, 1542 
Mineral. See substance, organ or 


tissue 


Mineral Metabolism 


In osteomalacia, 679 


Mitral Stenosis. See Heart, mitral 


stenosis 


Muscle 


Cramps, following hypertonic 
glucose, 1111 
Periodic paralysis without hypo- 


potassemia, 492 


Muscle, Skeletal 


Blood flow, fluid compartments, 
transfer rates, 684 


Mushroom Poisoning 


Pathogenesis of acute renal failure 
following, 1307, 1317 


Mutants 


Use to reveal vitamins, 635 


Myelofibrosis 


Ferrokinetics, 1512 
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Myeloma, Multiple. See also Bence- 
Jones Protein; Blood 
And hemolytic anemia, 1512 
Relation of abnormal serum com- 
ponents to Bence-Jones protein, 
669 
Sulfhydryl content of serum pro- 
teins, 672 
Myocardium. See Heart 


N 


Naphthoresorcinol 
Light absorption curves, 685 
Nephritis, Glomerular. See Glomeru- 
lonephritis 
Nephrosclerosis 
Role of somatotrophic hormone in, 
673 
Nephrosis. See also Kidney 
Effect of ACTH and cortisone, 658 
Electrolyte excretion with ACTH- 
induced diuresis, 661 
In children, clinical, biochemical 
and renal hemodynamic features, 
471 
Mechanism of hyperlipemia, 637 
Metabolism of cholesterol in, 657 
Studies of sweat in, 680 
Treatment with ACTH, 227, 1530 
Neural Mechanisms 
In itch, “itching skin” and tickle 
sensation, 37 
Neurogenic Control 
Evaluation in hypertension with 
tetraethylammonium chloride and 
spinal anesthesia, 925 
Newborn 
Adrenocortical control of sodium 
and potassium in, 318 
Nitrogen Balance 
During mercurial diuresis, 1089 
Nitrogen Mustard 
Prevention of leukopenia from, 681 
Nor-epinephrine. See also Adrenal 
Preparations 
Effect on pulmonary arteriolar 
resistance, 517 
In urine, 641 


oO 


Obesity 
Protein-bound iodine in, 869 
Obstetrical Complications 
Pathogenesis of acute renal failure 
following, 1307 
Oliguri 
Following hemoglobin solutions, 
1033 
Osmotic Diuresis 
Edema and hypertonic glucose, 
1111 
Of sodium and potassium in 
nephrosis, 661 
Osteomalacia 
Renal and metabolic changes in, 679 
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Otitis Media 
Effect of cortisone on occurrence, 
274 
Oxygen 
Consumption 
In cirrhosis, 630 
Of kidneys in man, 745 
Effect in emphysema, 838 
Intramyocardial availability, in 
acute coronary occlusion of dogs, 
670, 932 
Metabolism, of brain, following 
tilting in hypertension, 793 
Therapy, in acute coronary occlu- 
sion of dogs, 670 


P 
Pain 
Determination of 
threshold, 406 
Pancreas. See also Diabetes Mellitus 
Testosterone propionate on metab- 
olism in diabetes and thyrotoxi- 
cosis, 1486 
Pancreatic Preparations 
Insulin 
Effect on maximum capacity of 
renal tubules to  reabsorb 
glucose, 125 
Labelled with radioiodine, 640 
Panhypopituitarism. See Pituitary 
Gland, panhypopituitarism 
Papaverine 
Effect on cerebral circulation, 671 
Para-aminobenzoic Acid 
Effect on rickettsiae, 635 
Paracentesis 
Cause of hyponatremia in cirrhosis, 


visceral pain 


Parahemophilia, 627 
Paritol 
Effect on blood coagulation, 632 
Paroxysmal Cold Hemoglobinuria 
Hemolysis in, 11, 22 
Observations on antibody, 22 
Paroxysmal Tachycardia 
Short P-R, normal QRS and, 658 
Pellagrous Glossitis 
Effect of adenylic acid and 
cozymase on, 628 
Penicillin 
Combined antimicrobial action on 
organisms resistant to, 631 
Treatment of leptospirosis, 683 
Penicillin Sensitivity 
Effect of albumin on, 660 
Peptidase Activity 
Changes in blood with age, 84 
Periarteritis Nodosa 
Role ef somatotrophic hormone in, 
673 
Pericardial Tamponade 
Effect on pulmonary pressures, 661 
Peritoneal Lavage 
Effect on dogs without kidneys, 644 
Pernicious Anemia. See also Blood 
Mechanism of delirium in, 669 
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pH 
Effect on blood coagulation, 629 
Sodium bicarbonate, effect on, 674 
Pheochromocytoma. See also Blood, 
pressure, high 
Urinary excretion of epinephrine 
and nor-epinephrine in, 641 
Phosphatase 
Acid, of leukocytes, 679 
Alkaline, of leukocytes, 679 
Phosphoglucomutase 
In heart and skeletal muscle, 671 
Phosphorylase 
In heart and skeletal muscle, 671 
Pigment Excretion 
In burns, 181 
Pituitary 
Acromegaly, ACTH on 
ketones in, 1491 
Panhypopituitarism, effect of ACTH 
and cortisone on, 174 
Role in response to anoxia, 638 
Pituitary Preparations 
Adrenocorticotrophic hormone 
Action due to contaminant, 682 
Analgesic effect of, 644 
And cation exchange resins, 1009 
And cortisone in thrombocyto- 
penia, 638 
And glucuronic acid, 685 
And joint temperature, 701 
Effectiveness of suspensions of, 
665 
Eosinophil response to, 629 
In acute leukemia, 547 
In adrenogenital syndrome asso- 
ciated with adrenal hyper- 
plasia, 237 
In chronic hepatic disease, 647 
In hypertension, 630 
In nephrosis, 658, 1530 
In nephrotic syndrome, 227, 637 
In panhypopituitarism and rheu- 
matoid arthritis, 174 
In tuberculosis, 445 
Intravenous, 667 
Loss of electrolytes after. 637 
On body water and electrolyte 
distribution, 655 
On body water, chloride and 
plasma volume, 684 
On cerebral blood flow and 
metabolism, 671, 1527 
On cholinesterase levels in ulcer- 
ative colitis, 662 
On fasting-induced ketonuria, 
1491 
On migration of leukocytes, 659 
On potassium metabolism, 627, 
673 


blood 


On serum lipids, 626 

On sodium and potassium excre- 
tion in nephrosis, 661 

On sodium and potassium excre- 
tion in newborn, 318 

On sodium and water metabolism, 
682 
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On sulfhydryl groups in disease, 
762 
On sulfhydryl metabolism in 
sickle cell anemia, 652 
On uric acid pool and turnover 
rate, 879 
Prevention of toxic effects of, 644 
Relationship to acute hypofer- 
remia, 161 
“Resistance” to, 667 
Anterior, effect on sodium and 
water metabolism, 682 
Antidiuretic hormone 
Decrease by recumbency and 
intravenous isotonic saline, 862 
Effect on water and electrolyte 
excretion, 1055 
Pitressin 
Effect on cortisone-treated pa- 
tients, 668 
Effect on water and electrolyte 
excretion, 663, 1287 
Induced water retention, effect 
on sodium excretion, 650 
Posterior, relationship to adrenal 
cortex, 657 
Somatotrophic hormone, produc- 
tion of disease by, 673 
Thyrotropin, effect on release of 
thyroid hormone, 675 
Plasma. See Blood, plasma 
Plasma Acid-Base Volume 
In mercurial and ammonium 
chloride diuresis, 1105 
Plasma Albumin. See Blood, serum, 
albumin 
Platelets. See Blood, platelets 
Pneumococcal Capsular Polysaccha’- 
ides 
As antigens, 1451 
Pneumonia Virus, 640 
Poisoning 
Pathogenesis of acute renal failure 
following, 1307, 1314 
Polarograph 
For determination of oxygen avail- 
ability, 932 
Polycythemia Vera. See also Blood 
Ferrokinetics in, 651, 1512 
Uric acid pool and turnover rate in, 
879 
Polysaccharides 
In purulent meningitis, 582 
Polyuria 
Effect of osmotic loading in diabetes 
insipidus, 282 
Porphyrin Excretion 
In burns, 181 
Portacaval Anastomosis, 630 
Portal Pressure 
Effect on bromsulphalein extrac- 
tion, 630 
Estimation, 662 
Portal Veins 
Anastomotic, 
with, 263 
Oxygen content of, 674 


absorption studies 
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Posture 
Effect on cerebral circulation, 664 
Effect on hepatic blood flow, 305, 
312 
Tilting, effect on cerebral circula- 
tion in hypertension, 793 
Potassium. See also Electrolytes; 
Blood, serum, potassium 
Accumulation, in tissue slices, 662 
Administration in hyponatremia, 
675 
Changes with ACTH, 627 
Effect on hypertension, 639 
Evidence for tubular excretion of, 
1082 
Metabolism, adrenocortical control 
in newborn, 318 
Metabolism and excretion, follow- 
ing ACTH, cortisone and desoxy- 
corticosterone acetate, 673 
Osmotic loading and ACTH in 
‘nephrosis, 661 
Retention in intracellular space in 
alkalosis, 369 
Potassium Chlorate 
Pathogenesis of acute renal failure 
following, 1307, 1316 
P-R Interval. See also Electrocardio- 
gram 
Short, with normal QRS and 
- paroxysmal tachycardia, 658 
Pregnancy 
High spinal anesthesia and renal 
hemodynamics in, 916 
Precipitable iodine of serum in 
abortions and thyroidism, 137, 
151 
Precipitable iodine of serum in 
normal, 137 
Serum lipids in, 388 
Presidential Address, 43rd Annual 
Meeting of the American Society 
for Clinical Investigation, 623 
Pressor Response 
Of dialysis with artificial kidney, 
660 
Pressure 
Effect on vascular volume of leg, 
657 
Procaine 
Effect on cerebral circulation, 671 
Procaine Amide 
Clinical use, 676 
Progesterone 
In carcinoma of prostate, 547 
Protein. See also Blood 
Consumption of, and creatinine 
clearance, 206 
Protein-Bound Iodine. Seealso Blood, 
serum, precipitable iodine 
Radioactive, determination of, 1 
Proteinuria. See also Urine, protein 
Bence-Jones, and abnormal serum 
components, 1125 
Prothrombin. See also Blood, plasma 
Activity, effect of intravenous 
vitamin K,, 680 


Activity of human and dog blood, 
903 


Components for rapid conversion, 
627 
Consumption, relation of coagulase- 
reacting factor, 677 
Conversion of, 596 
Protoveratrine 
Effect on circulation in hyperten- 
sion, 651 
Effect on kidney function, 659 
In hypertension, 634 
Pruritus 
Neural mechanisms in, 37 
Pseudohypoprothrombinemia, 627 
Psy: h natic Medici 
Relationship of attitude and disease, 
643 
Pteroylglutamic Acid 
Metabolism in scurvy, 639 
Pulmonary. See Lungs 
Pyridoxine 
Deficiency and adrenal 
function, 681 
Pyrogen 
Effect on renal hemodynamics, 457 


cortical 


Quinidine 
Study of failures following use for 
auricular fibrillation, 675 
QRSComplex. SeealsoElectrocardio- 
gram 
With short P-R interval and par- 
oxysmal tachycardia, 658 


R 


Radiation Sickness 
Effect of flavonoid compound, 395 
Radiation Syndrome 
Role of infection in, 651 
Radioactive Glycine 
Metabolism in man, 73 
Radioactive Uric Acid 
Measurement of pool 
turnover rate with, 879 
Radioiodine 
Bone marrow damage after, 667 
Correlation of uptake and ‘‘accum- 
ulation gradient,” 301 
Tagged albumin 
For cardiac output, 666 
Turnover rate, 1228, 1238 
Uptake in thyroid disease, 659 
Radioiron 
Measurement of hemoglobin syn- 
thesis with, 667 
Radioisotopes 
Carbon-labeiied acetate and glycine 
in human beings, 648 : 
Deuterium-labelled cholesterol, 657 
Elimination of C4, 630 
Ferrokinetics of Fe® in vivo, 651, 
1512 
Jabelled insulin, 640 
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I'*! labelled proteins in antibody 
response, 634 
Na* in congestive failure, 1471 
blood volume, 1471 
Renal and extrarenal clearance of 
radioiodine, 778 
Scintillation counters, 651, 1512 
Renal. See Kidney 
Reservoir 
Size of uric acid, 879 
Resins. See Carboxylic Cation Ex- 
change Resins 
Respiration. See also Lungs 
Airflow in health and emphysema, 
1175 
Effect of COs, 503 
Effect of O2, 503 
Ventilation, 503 
Respiration, Artificial 
In pulmonary emphysema, 838 
Rheumatic Fever 
C-reactive protein in, 616 
Effect of cortisone on occurrence, 
274 
Purple color reaction of diphenyl- 
amine in, 781 
Relation of serum antihyaluronidase 
titers in, 667 
Rheumatism 
Cortisone in, 628 
Rheumatoid Arthritis. 
Rheumatoid 
Rickettsial Spotted Fever 
Central nervous system sequelae as 
shown by electroencephalograms, 
645 


See Arthritis, 


Saline Solution 
Intravenous injection and pulmon- 
ary arterial pressure, 345 
Sarcoidosis 
Pulmonary function in, 848 
Scurvy 
Metabolism of folic acid and citro- 
vorum factor in, 639 
Sensations 
Neural mechanisms _ in 
tickle, 37 
Serine 
Kidney damage following, 
1340 
Serum Sickness 
Alterations in blood volume and 
thiocyanate space, 360 
Effect of albumin, 660 
Shock 
Effect on dog kidney, 1328 
Hemorrhagic, physiology of, 683 
Inadvisability of treating with 
hemoglobin solutions, 1033 
Pathogenesis of acute renal failure 
following, 1307 
Use of dextran in, 682 
Shwartzman Phenomenon 
Acquired resistance to, 628 
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Nature of blood vessel damage in, 
676 
Sickle Cell Trait. See also Blood 
Abnormal hemoglobin, 1120 
Skeletal Muscle 
Biochemistry of, 671 


Skin 
Hypersensitivity to tuberculopro- 
tein, 445 
Neural mechanisms involved in 


“itchy skin,” 37 
Reactive hyperemia, in shock, 683 
Sodium. See also Electrolytes 
Chaiige in body with age, 566 
Chloride, renal response to intra- 
venous injection, 1456 
Depletion and repletion, effect on 
renal function and body fluids, 
664 
Depletion, in 584 
Estimation in body, 558, 566 
Excretion 
Effect of osmotic loading and 
ACTH in nephrosis, 661 
Effect of Pitressin on, 657 
Effect of Pitressin-induced water 
retention on, 650 
Effect of quiet standing on, 63 
Following glucose loading, 1111 


Following intravenous sodium 
bicarbonate, 674 
In mercurial and ammonium 


chloride diuresis, 1105 
With mercurial diuresis, 1089 
In infants, 566 
In young adults, 558 
Loss after ACTH and cortisone, 
637 
Metabolism 
Adrenocortical 
newborn, 318 
Effect of pituitary and adrenal 
hormones on, 682 
Nocturnal diuresis in heart and 
liver disease, 642, 1191 
Nitrite, effect on arterial pressure, 
435 
Restriction, dietary, in edema of 
liver cirrhosis, 1157 
Space in congestive failure, 1471 
Sodium Bicarbonate 
Results of single intravenous dose 
in man, 674 
Sodium Potassium Tartrate 


control of, in 


Kidney damage following, 1307, 
1337 
Somatotrophic Hormone. See Pitu- 


itary Preparations 
Sovasal 35, 1507 
Spleen 
Role in destruction of platelets in 
thrombocytopenia, 676 
Sprue, Non-tropical 
Effect of cortisone on, 678 
Sputum 
Fraction which restrains multiplica- 
tion of influenza virus, 668 
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Standing 
Antidiuresis of quiet standing, 63 
Effect on soluble diuresis, 642 
Starvation, Early 
Diuresis in, 809 
Steatorrhea, Idiopathic. 
Non-tropical 
Stellectomy, Bilateral 
Effect on cerebral circulation, 90 
Steroids. See also Adrenal Prepara- 
tions; Estrogens; Testosterone 
17-keto, excretion following intra- 
venous ACTH, 667 
Urinary excretion, in adrenogenital 
syndrome with congenital adrenal 
hyperplasia, 237 
Stomach 
Adrenal phase of gastric secretion, 
643 
Streptococcal Infections 
Antihyaluronidase response follow- 
ing, 667 
Effect of cortisone on, 274, 678 
Streptococci 
Beta glucuronidase production by, 
652 
Streptodornase 
Toxic responses to, 1171 
Streptokinase 
Toxic responses to, 1171 
Streptomycin 
Treatment of leptospirosis, 683 
Stress 
Emotional 
Diuresis in, 809 


See Sprue, 


Diuresis in diabetes mellitus 
during, 818 
Relationship to acute hypo- 


ferremia, 161 
Sucrose 
Distribution between plasma and 
interstitial fluid, 1463 
Sulfhydryl Groups 
Associated with disease, 762 
Effect on hypertension, 672 
Metabolism of, in sickle cell anemia, 
652 
Of serum proteins in disease, 672 
Sulfonamides 
Pathogenesis of acute renal failure 
following, 1307, 1317 
Swallowing Mechanisms 
Studies of intraluminal esophagus 
pressures, 653 
Sweat 
As index of adrenal cortical activity, 
325 
Volume and composition, in normal 
children and nephrotics, 680 
Sympathectomy 
Cervical, effect on cerebral circula- 
tion, 90 
Effect of tilting on cerebral circula- 
tion before and after, 793 
Effect on hepatic blood flow in 
hypertensives in various positions, 
312 


| 

| 
i 
i 
x 
| 
pod 

Fy 
> 
‘ 
ar 
; 
4) 

i 


1578 


Vasoconstriction following, 660 
Sympathetic Nerve Tone 

Effect on digital blood flow, 94 
Syncope, Vasodepressor 

Cerebral blood flow in, 664 


T 
Temperature 
Comparison of intracardiac and 
intravascular with rectal, 353 
Of joints in arthritis, 650, 701 
Terramycin 
Treatment of leptospirosis, 683 
Testis 
Effect of testosterone on, 648 
Testosterone 
Effect on metabolism, 1486, 1491 
Effect on testis, 648 
In prostatic cancer, 547 
In rheumatoid arthritis, 633 
Tetraethylammonium Chloride 
Effect on digital blood flow, 94 
In evaluation of neurogenic control 
of hypertension, 925 
In hypertensives given ACTH and 
cortisone, 630 
Thermal Injury 
Liver function in, 191 
Pigment excretion in, 181 
Thiocyanate Space. See also Extra- 
cellular 
In serum sickness, 360 
In trichinosis, 575 
Thorax 
Motion during the heart cycle, 971 
Thorotrast 
To abolish tolerance to Shwartzman 
phenomenon, 628 
Thrombin Formation 
And trypsin inhibitor, 1298 
Thrombocytopenia 
Labile factor in serum, 252 
Platelet survival in, 676 
Thrombophlebitis 
Clotting time and viscosity of blood 
in cases with, 672 
Thromboplastin. See also Blood 
Effect on hemophilic blood, 77 
Effect on heparin tolerance, 948 
Thyroid Gland. See alsoBlood, serum, 
precipitable iodine; Blood, serum, 
protein-bound iodine; Radio- 
iodine 
Butanol-extractable iodine of serum, 
531 
Correlation of uptakes and ‘“‘ac- 
cumulation gradient,” 301 
Effect of thyroid-stimulating hor- 
mone, 675 
Feeding of desiccated thyroid to 
thyrotoxic subjects, 644 
Hyperplasia, disproportionate to 
function of, 659 
Hyperthyroidism 
Adrenal cortical reserve in, 635 
Nature of circulating thyroid 
hormone in, 1 
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Protein-bound iodine in, 55 
Pulmonary hemodynamics in, 680 
Serum creatine tolerance in, 799 
Serum precipitable iodine in 
pregnancy with, 151 

Metabolic rate, 659 

Renal and extrarenal clearance of 
radioiodide in relation to function 
of, 778 

Serum precipitable iodine in preg- 
nancy, 137, 151 

Testosterone propionate on metab- 
olism in thyrotoxicosis, 1486 


Thyrotoxicosis and fat metabolism, . 


1491 
Tumors transplanted to anterior 
chamber of eye, 636 
Thyroid Preparations 
L-thyroxine, measurement, 659 
Thyrotoxicosis. See Thyroid Gland 
[Thyrotropin. See Pituitary Prepara- 
tions 
Tonsillitis 
Effect of cortisone on, 274 
Toxemia of Pregnancy 
Plasma proteins in, 609 
Toxoid 
Immunization in gas gangrene, 627 
Transfusion 
Pathogenesis of acute renal failure 
following, 1307 
Transfusion Reactions 
~ Effect of albumin in, 660 
Trauma 
Effect on dog kidney, 1331 
Treponema Pallidum 
Protein studies of 
antibodies, 659 
Trichinosis 
Immunophysiology, 575 
Triethylene Melamine 
In Hodgkin‘s disease, 547 
Trypsin 
Effect of inhibitor on blood clotting, 
1298 
Relationship to blood coagulation, 
112 
Tuberculosis 
Effects of ACTH and cortisone, 445 
Erythrocytes sensitized with tuber- 
culin in, 1542 
Tuberculous Meningitis 
Disturbances in electrolytes, 646 
Tubular Resorption. See also Kidney, 
function 
Of hemoglobin, 1041 
Tumor. See also Cancer; Carcinoma 
Malignant, adrenal cortex in, 632 
Thyroidal, transplanted to anterior 
chamber of eye, 636 
Turnover Rate 
Of serum albumin, 1228, 1238 
Of uric acid, 879 
Typhus, Scrub 
Immunization by combining living 
vaccine with chemoprophylaxis, 
656 


immobilizing 


U 
Ultracentrifuge 
Analysis of tagged albumin, 1228 
Quantity, distribution of serum 
proteins and lipids, 674, 1071 
Uranyl Nitrate 
Kidney damage following, 
1338 
Uremia. See also Kidney, function; 
Kidney, insufficiency 
Lifect of sodium depletion and 
repletion during, 664 
Urethane 
Effect on abnormal serum com- 
ponents and Bence-Jones protein, 
1125 
Uric Acid Metabolism 
Effect of Benemid on, 889 
Studies with radioactive uric acid, 
879 
Urine 
Chloride, following 
diabetes mellitus, 818 
Electrophoretic patterns in Bence- 
Jones proteinuria, 1125 
Excretion of choline metabolites, 
463 
Findings, after streptokinase-strep- 
todornase, 1171 
Glucose, following stress in diabetes 
mellitus, 818 
Protein, amount and nature in 
normals, 853 
Proteinuria after ACTH in nephro- 
sis, 1530 
Urobilinogen 
In burns, 181 
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stress in 


Vv 
Vagus Nerve 
Cardiac effects of reflex vagal 
stimulation, 656 
Valvuloplasty 
Effect on circulation 
stenosis, 643 
Vascular Bed 
Causes of constriction of, in digits, 
660 
Vena Cava 
Effect of congestion of, on renal 
hemodynamics, 638 
Venous Congestion of the Extremities, 
1441 
Venous Flow 
Of extremities, effect of graded 
pressures on, 657 
Venous Occlusion 
Effect on digital blood flow, 94 
Veratrum Viride 
Effect on arterial pressure, 435 
Virus Pneumonia 
Mechanism of lung lesions, 640 
Visceral Pain 
Effect of inflammation and anal- 
gesics on, 406 
Vital Capacity. See also Lungs 
Effect of lipiodol on, 338 
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Vitamins. See also Pyridoxine 


Action of vitamin Bi. on human 
bone marrow, 31 

Biological activity of a flavonoid 
compound, 395 

Ky, intravenous administration in 
liver disease with hypoprothrom- 
binemia, 680 

P-hydroxybenzoic acid, 635 

Thiamine, acute effects in beriberi 
heart disease, 654 


Von Gierke’s Disease 


Differentiated from amyotonia con- 
genita, 679 


Ww 


Water. See Body, water 
Balance in cirrhosis of liver, 1157 
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Coutent of inflammation produced 
by chemical irritants, 1507 
Content of skin, 1507 
Diuresis, following cortisone, 668 
Epidemic due to Leptospira pomona 
borne by, 670 
Excretion 
Diurnal variations in heart and 
liver disease, 642, 1191 
During mercurial diuresis, 1089 
Effect of Pitressin on, 657, 663, 
1287 
Effect of exogenous and endogen- 
ous antidiuretic hormone on, 
1055 
Quiet standing, effect on, 63 
With increased plasma volume, 
751 
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Metabolism 
Effect of pituitary and adrenal 
hormones on, 682 
Following hypertonic glucose in 
edematous patients, 1111 
Retention, in cirrhosis, role of 
kidney, 1200 


Wolff-Parkinson-White Syndrome 


And syndrome of short P-R interval 
and normal QRS complex, 658 


X-Ray Radiation 


Survival of mice after exposure to, 
629 


Z 


Zinc Protein 


In leukocytes, 650 
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Complete Epileptic Seszure-control; 
Furst Step in Rehabilitation 


In the drug therapy of the ic, nothing short of 
complete suppression of seizures can rightly be called full 
success. Complete seizure-control is a prerequisite to the 

tient’s return to a normally active life. Carter’ states: 
“Basically all efforts should be directed toward prevent- 
ing seizures and the tendency to chronic invalidism.” 
The management regimen should include:* 

I. Good physical and mental hygiene. 

a) Wholesome diet; Regular bowel habits; Avoid 
noxious materials, e.g. alcoholics; Moderate 
physical activity. 

b) Help overcome feeling that epilepsy is shame- 
ful; Encourage normal work and recreation; 


Regular sleep without overprotection. 
II. Anticonvulsant medication selected on the basis of 
Exact Diagnosis: 


“Certain drugs are more effective in one type of 
seizure than they are in another, and it is necessary 
to use proper drugs. The dosage must be individu- 
alized for each case.’* 

Thus, the best guide in selecting medication for a patient 
is the type of seizures present. (Frequently several drugs 
in combination is most effective.) 


of seizure. It will be noted that the newer hydantoin, 
Mesantoin, is effective for grand mal, Jacksonian and 
focal seizures. 


MESANTOIN DOSAGE is adjusted to the lowest level 
adequate to attain freedom from seizures. Start with ¥2 
or 1 tablet daily during the first week; increase the daily 
intake by ¥2 or 1 tablet during the next week. Continue 
this up to optimal dosage. When another drug has not 
given good results, Mesantoin is added by the same pro- 
cedure; then the old drug is gradually reduced. 


SIDE EFFECTS — Mesantoin produces side effects in 
some cases: Skin and blood changes are signs of sensi- 
tivity — the drug should be discontinued. Drowsiness 
| develops upon reaching maximum dosage. 
PRECAUTIONS — Certain precautions are necessary 
to minimize untoward effects. 
a. close check on patient — repeated visits and 
blood counts. 
b. No Mesantoin, if white cell count below 4000. 
¢. caution if (1) rash or blood changes. 
(2) History of drug sensitivity. 
d. discontinue drug if (1) bleeding of gums or 


vagina. 
The table shows which drugs are indicated for each type (2) Sore throat 
TYPE OF | PRIMARY CLINICAL AVERAGE ADULT | LIMITING SIDE SIGNS OF 
EPILEPSY MANIFESTATIONS MEDICATION DAILY DOSE* EFFECTS SENSITIVITY 


Aura followed by loss of | 
GRAND consciousness; tonic-clonic || Phenobarbital 


1% grs. hs. Usual] Sleepiness 
max.: 3 gts. per day 


MAL 1% grs. tid. p.c.| Diplopia, staggering | Overgrowth of 
function. + 5,5 diphenyl hydantoin | Usual max. 6 grs. per | (may increase petit pot hairs; 
day mal) itching rash on ex- 
tsemities, gastric 
irritation 
For full details see 
3 methyl 5,5 phenylethyl | Adults: 2 to 6 tabs. : 
Convulsions in one |{ hydantoin (mesantoin) | Children: 1 to 4 tabs. ——, aaa 
JACKSON- sad 
IAN No loss Conrad sys- 
phenylacetylureas dose 6 per| Drowsiness* vomidag and 
dominal pain® 
Pharyngitis, mucous membrane bleeding, 
Period of amnesia; 
Adults: 2-6 tabs. lymphadenopathy, measles-like rash 
PSYCHO- hydantoin*(mesantoin) | Children: 1-4 tabs. inching aad lever ; in severe reaction: 
MOTOR incoordination. dyscrasia. 
Mild tonic spasms. In chil. 
Attacks: in series (rapid suc Inability to see in a| ,,. 
PETIT cession), abrupt = dione | 09 to 1.2 Gms. brigh« oh, 
MAL impairment of of conscious 
mpai 


* Although an average daily dose can be stated for each of these drugs, to obtain best results it is necessary that the physician determine the 


dose required by ee 


Bibliography: 1. Carter, S., in Conn, Therapy 1949, Phila., 

Saunders Co., p. 495. 2. Kaufman, I.: Dis. Nerv. System 11: 99, 1950. 

4. Harris, T. & Otto, J.: Texas J. Med. 43: 328, 1947. 5. Little S. & 

McBryde, R.: Am. J. M. Sc. 219: 494, 1 950. as otherwise indicated, 
i ibbs, F.: 27: 548, 1947.) 
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